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PREFACE 


The Third InlcrHationul Coni’rcss of J^holfthitdttgy was a special occasion for photo- 
biolo/'ists all over IIk* world, because it celebrated the* lootli birthday of XieLs I'insun. 
It was callrtl The l'■insen Memorial ('oii((n*ss. 

Tin* Comit<5 International «le Photobiologie was liappy to rweive an invitation for 
this i'onf»ress fn>in tlii' Danish delegation at the Turin conference. It provided an 
opportunity to honor tht* memory of the outstanding man in the photobiology field, 
Niels Finseii, who clid so much to lay a foundation for th«* development of not only 
])bolol)iolog\ , but also radiation biology in general. 

The o]M‘ning se.ssion was d»*voted to honor Finsi*n’s in<*niorj* with two lectures, one 
on his basic contribution to ])liotobioiogv and tlu‘ o^'.it on ills contribution to the 
medical field. .Mso on the occasion of the congrt'ss Tbi' Dansk Iissf> l''und installed a 
in('morial^i)lni]ue in a bnilding oc«'Ui>ied by Niels h'insi'n for some time during his 


can-er in t 0|M-niiiigeu. 

The congress was concluded with the pn-viitation of the l‘*ins<*n Mesial to Dr. P. B. 
Kotlier at The I'insen Institute when* the Institute was host to the International 
Congress. 

Besides thi* two lectures gi\'en at the (U’ening of the congress, four lectures wore 
presented by guest sj)»*akers: i. Plant cell response to visible light —e.\cluding photo- 
synthesis by 1'. N'irgin of StiK’khohn; i. I.ight induced phosphorylation by D. I. 
Arnon of Berkeley, Calif. : .{. TIm* efftsds of long visible and near infrared radiation by 
Hans .Mohr of Tiibingi*n; and 4. Bioiogis»'he I’hren by Jiirgen Aschoff of Heidelberg. 
.Seven sx’inposia w»*re gi\'en: i. Stndilungskliina und sj*ine Mt'ssiing -■ Chairman, 
K. Schul/i* of Hamburg; 2. Biological action s]K*clra - ■ « 'lairinan, K. \’. Thimann of 
Cambriilge, Mass. ; Photiireceptors in aipiatic organisms ('hairman, N. Millott of 
l.ondon; 4. Lupus vulgaris Chairman, P. N'. MarcMs.sen of Copenhagen; 5. Initial 
int'chanisms involved in r.uliation effects Chairman, K. Latarjet of Paris; (>. 
Phot«)reacti\ ation - - ('hairman, .\. \’. (iie.si* of Stanford, Calif. ; Jind 7. Phototherapy 
— ('hairman, Jean Meyer of Paris. In addition to the (.o symposia lectuivs, qa {K'rsonal 
communications wen* given, abstracts of which are included in this volume. 

‘I he 11111*1 ing discussiil many (piestions on basic jihotobiology as well as applied 
photobiology with sihi lal cmpha.sis on the flevelo])nient of photobiology during the 
past thni* years. 'rw(*my-six nations reprt*st*nted at this congress indicates the in- 
creasing inten*st in tiiis field and the inti*matioii d character o' the int'eting. 

'I'lie congress il.s(*lf was ca]Kibly planneci and managiHl by the President, Dr. B. Chr. 
Chrislensi*!!. with the as.sistance of a compt*tent staff. The result was a well-organized 
procii*diiigs, most of which an' bi*ing rcprodiic(*d in this volume. Special cri'dit should 
go to the Danish siientisls and goveniinent as well as to the many contributors who 
.made this coiign*ss {lossible. Mention should lx* made of the generous hospitality at 
si*veral n*ceptions b\' diffen*nt organizations in CoixMihagen. 

At the dost* of my lerni of office, I would like to expn.'ss appreciation to the.Sccre- 
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tary-liencral, Dr. W. Biiickhardt, whose untiring efforts anti willingnt'ss have 
done so much for the organization. 1 also would like to thank the Executive Commit- 
tee who so graciously cooperated in pn'psiring for this congress. 

I would also like to take this opportunity to welcome Dr. Kayinond Latiirjet as the 
incoming President of the ('omitc Intemational tie Photobiologie. 
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OPENING OF THE THIRD INTERNATIONAL CONGRESS 
ON PHOTOBIOLOGY 

THE FINSEN MEMORIAL CONGRESS 

H. CHK. CHRISTENSEN 

Isotope Laboratory, The Flnseo iHslitute, Copenhagen (Denmark) 


Your excellency professor Niels Bohr, dear members of the Finsen family, distin- 
guislied guests, fellow members of the Congress. 

It is a great honour to us in Denmark to welcome The Third International Congress 
on Photobiology here this year. It is especially so because The International Conunit- 
tee on Photobiology decided to commemorate the looth anniversary of the birth of 
the emineiiT v»iiiish physician and scientist Niels R. Finsen by naming this congress 
The Finsen Memorial Congress. 

To His Majesty King Frcderik IX of Denmark, the Patron of our Congress, who 
by his patronage supported us in our work we owe our most wholehearted thanks. His 
Majesty regrets that he was unable to attend this opening because of a visit to Green- 
land. 'I'he Congress has sent a message of thanks to His Majesty. 

We are very grateful to Mrs. Finsen who joined our honorary committee and by 
doing so assisted us so much in our efforts to make this Congress a dignified memorial 
to her hasband Niels K. Finsen. Wc are very sorry that Mrs. Finsen caimot be with us 
to-day because of a sudden slight illness. We ask her daughter and son to convey to 
her our very best regards and most sincere wishes for a i«.pid recovery. 

We want to thank our honorary' president, his ExceUcncy professor Niels Bohr, 
and the members of the honorary committee, the Danish Minister of Education, the 
honorable Jorgen Jorgensen, and the Director General of the Danish National Health 
Service, dr. Jobs. Frandsen, for their assistance during the arrangement of the Congress. 

As a whole the organization of this Congress has really been a wonderful experience 
since the name of Niels R. Finsen has made so many Governmental Institutions, 
Organizations, Funds and private persons assist us in otir efforts. 1 therefore want 
to extend to all supporters our most sincere thanks. 

This is the second time C-openhagen has the honour of being the host to a photo- 
or light congress as in 1932 the Second International Congress on Light Research 
was held here. Much has happened to sr-'uice smee then. W' live in the era of spe- 
cialization and under the pressure of the flood of scientific papers. Every minute, 
ni^t and day, yeax by year, about 2000 pages are printed. If one of us vranted to 
study the publications relevant to his own branch of speciality and if he used all his 
time he would over a year miss morethanhalf a million printed pages. Science really 
is in a state of fission, fission in the sense that each new discovery opens at least two 
new avenues for research. Thus our scientists are forced to know more and nune about 
less and less. No person and no group is able to make a complete synthesis of gU the 
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devdopments even in his own field. I do not know how to stop or alter this develop- 
ment perhaps it cannot be stopped — but it is my sincere hope that by some pro- 
cess of fusion we may bring together all areas of science to find a simple solution to 
our oom]dex problems. 

Throughout these da}rs we have here physicists, chemists, biochemists, biologists, 
botanists, plant physiologists, plant pathologists, ph 3 rsicians and many others gatheredf 
to discuss problems of mutual interest. 1 consider a Congress like this, in which people 
from several branches of natural science meet to discuss a single topic — in this case 
light — as a step along the right track. 

Tlie great German philosopher Kant said that there were two outstanding wonders 
of God’s creation. He said these were the light of the stars of tlui heaven above and the 
mind of man within. Niels K. Finsen’s work was the result of a combination of these 
two. May we at this Congress witness a creative meeting of the light and the members 
of the Congress. With these words I declare The Third International Congress on 
Photobiology — The Finsen Memorial Congress — open. 

Mesdames, messieurs 

Au nom du comity oiganisateur danois i'adrcsse la plus cordiale bten venue a tous 
au troisi^mc congr^ international de photobiologie • - - le congr^s comm^moratif dc 
Finsen — exprimant la certitudt* que pendant les jours a venir nous assistenms a 
une rencontre inspiratrice entre la lumi^re et les membres du congrt^. 

Sekr verehrte Gdste tmd Kongressmitglieder 

Im Namen desdanischen ()tganisation.skomitees heissc ich Sic herxlicli willkomnien 
zum dritten intemationalen Kongress fiir Photobiologie, — dem Gediichtnis von 
Finsen gewidmet. Ich bin Qberzeugt dass wir in den kommenden Tagcn ein anregendes 
Zusammentreffen des IJchts und der Kongressmitglieder erleben werden. 
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FINSEN AND BASIC RESEARCH 

ALEXANDER HOLLAENJIKR 

Hiology Division, Oak Ridge National Laboratory*, Oak Ridge, Tenn. (U.S.A.) 


We do not often have occasion to recognize pioneers in the radiation biology field. 

I consider myself highly honored to have been given the opportunity to call attention 
to the influence of one of the most important pione(‘,rs in the development of this 
interesting science. I am of course referring to the man whose memory wc honor 
today-- Niels Finsen. 

When I first entered the field of radiation biology, comiiig from physical chemistry, 
more than thirty years ago, 1 made a survey of the material that had been published 
on the effect:^ of light on li\’ing cells. It became immediately obvious to me that some 
of the most- irhjxiilant fundamental work in this field had been accomplished by 
Niels Finsen and his coworkers. 

I wrote to tlie I'insen Institute for information on Niels Finsen’s work and received 
l)v return mail a set of the communications of the Finsen Institute**. A survey of these 
gave me a picture of the accomplishments of the Fin.sen group. I looked at these with ad- 
miration. Those of us who approached photobiology from the phy-sical, chemical, and 
biological backgrounds look up to Niels Finsen as a most unusual medical investi- 
gator, who, in the early days, stood ready not only to use the tools developed empiri- 
cally but w'ho tried to uiulerstaiid the principles governing their action. He was in- 
terested in attempting to unravel the m*‘chanism of the effects of light. His careful 
study of the comj)arative effects of sunlight and the efle-t of artificial radiation 
(especially the light from the carbon arc) is most impressive. 

In his introduction to the communications of the Finsen Institute, Finsen divides 
the program of his new Institute into two sections. The first and most important 
purpose was to be the investigation of light and its effects on biological, chemical 
and physical systems. Only in this way would it be possible to provide a healthy and 
reliable basis for the second purpose of the Institute — the use of light in medicine. 
The first purpo.se recpiires investigations of a physical, chemical, and biological nature. 
The second requires practical medical investigation (research with different diseases). 
My discussion will deal mainly with the first part of the program outlined by Finsen. 
The ne.\t speaker will cover the second one. 

If we survey the status of photobiology iii ihe world before 1890, we find a general 
feeling that the region of the spectrum in the ultraviolet and visible was very impor- 
tant. However, this general attitude was e.xpressed in only a very few articles. There 

* Ojicrated by Union Carbide Corporation for the U.S. Atomic Energy Commission. 

**. Mitteilungeii aus Einsens Medicinske I^ysinstitut in Kopenhagen. Verlag von Gustav Fischer in 
Jena 1901-1900 inclusive. 
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is a very nice study on effects of light on bacteria by Ward and other studies on the 
effect of light on skin and general well-being of individuals, but no systematic quanti- 
tative study was conducted. This changed rapidly when Finsen entered this field. 

In the early go’s Finsen presented a number of communications on the applications 
of his investigations to therapy, but they provided only a very general description of 
the improvements he had made on the equipment for the treatment of lupus vulgaris 
and other diseases. It was not obvious to the physicians or to the other scientists who 
read them that Finsen had develop>ed, in the course of his background work, a number 
of very important basic physical and biological investigations on which these appli- 
cations were based. Finsen had already described many of his pieces of equipment, 
and they had been used extensively in many countries outside Denmiirk, but he had 
not given his reasons for using lenses of glass or quartz, for preferring artificial light, 
for considering quartz so important for artificial light and less so with sunlight, for 
using distilled water instead of well water, for the advantage of using filters, and for 
using a lens system combined with filters filled with water dyed blue. However, all 
these things were based on his sound understanding and on definite quantitative 
investigations that he himself had developed, so that he had a background for his 
recommendations. Many people probably thought too that so much groundwork was 
really not necessary, and that they should simply use sunlight and forget all about the 
detailed directions he had to give. The basis of his method consisted of : (i) the use of 
bactericidal radiation, (2) the ability of light to produce vesication, and (3} a good 
understanding of how deep this radiation could penetrate. 

It was obvious to him that for practical use of light it must be concentrated and, 
at the same time, the heat-producing radiation (infrared) had to be removed to avoid 
damaging the tissues. He stated his questions in the following way: which part of the 
spectrum has the most bactericidal .effect? which part of the spectrum is connected 
with the damaging effect of radiation to the skin? what are the best methods to 
remove the heat radiation without interfering with the bactericidal and inflammatory 
effects of radiation? how' deeply can the radiation penetrate into the tissue? Other 
questions that he asked himself were: what could one do to develop an artificial light 
source that was rich in radiation with the desirable properties and low in heat radia- 
tion?, what radiation from the electric arc is most desirable, that coming directly 
from the crater in the carbon electrode or that coming from the arc itself? and, 
finally, what is the difference between sunlight and radiation from an electric arc, 
and what importance has this in the design of an apparatus for the treatment of dis- 
eases? And a simpler question — what would be the best method of concentrating the 
light in such a fashion that the good properties are maintained white the heat radiation 
is removed? I believe that Finsen was the first one who clearly stated the problems 
with the practical use of light and definitely .saw immediately the phymeal basis for 
some of the problems he encountered. 

In an effort to study the bactericidal effect of radiation, Finsen worked with a 
BaciUus prodigiosus culture, a common water organism that we now call Serratia 
marcescens. In all studies the light was from a carbon arc. He spread the bacteria on 
the surface of agar plates and ex{x>scd them to the light, which had gone through a 
water filter. He covered the bacteria with a quartz plate, with a common window 
glass plate, and with a sheet of plate glass. He exposed the plates for 5 min. On the 
next day, all three plates showed some reduction of growth. The most .striking 
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reduction was observed on the plate that received the light through quartz. Forty- 
eight hours later it became obvious that the mo.st marked effect was produced by the 
radiation that had gone through a quartz plate, and almost no effect was observed on 
the plates exposed to light through window glass or through plate glass. Finsen reached 
several interesting conclusions on the basis of such experiments, one of which was 
that all light that penetrates glass (that is, window glass and plate glass) will delay 
division but that the killing effect of the light is greatest when it has passed only 
through quartz. 

Some of these observations were overlooked for 40 years, when they were dug out 
again in a systematic study of the effects of light. Dr. Valdemar Bie and Dr. Sophus 
Bang, his close coworkers who continued these studies, later on observed that a 
35-min exposure, even through a glass apparatus, could kill the bacteria. In contrast 
to this, Finsen could obtain the killing effect of the radiation in a few seconds if he 
used quartz plate. This result was obtained with light from a carbon arc which of 
course has a considerable amount of radiation at wave lengths below 3000 A. How- 
ever, when he used sunlight available in Copenhagen, he found ver\' little difference 
in the effectiveness of the light whether he used quartz or glass, i.e., the proportion of 
effectiveness of quartz to glass was about 5 ;4. On the ’^asis of these experiments, 
Fiasen introduced immediately the use of quartz plates or lenses in treatment with 
artificial light. Later also Bie and Bang established that light of wave lengths shorter 
than tSspecially about 2500 A, was most effective. 

Dr. Finsen made many experiments to determine the light path through the light- 
gathering power of lenses of different designs; he went very carefully into these ques- 
tions, which can only be touched on here. He found, for instance, that a quartz lens 
could be placed very close to the arc, but a difficulty arose then in that the carbon 
particles soiled the lens ver\' rapidly. In spite of the quartz lenses being considerably 
more expensive than the glass lenses, he definitely stated that the advantages of 
quartz lenses for use with the carbon arc far outweighed the extra expense. 

Another jwint he wanted to straighten out was which part of the spectrum had 
an inflammatory effect on the skin. This he did very simply by comparing the effects 
of ultraviolet and visible light. Of course he immediately found that the light that 
was most bactericidal w'as also the same light that produced vesication of t]^e skin. 
On the basis of this he concluded that the be.st lens for production of inflanimation 
with artificial light (r.c., the carbon arc) would be a quartz lens; with sunlight how- 
ever there was little difference in the effectiveness of quartz and glass lenses in trans- 
mitting inflammatory radiation. Glass lenses w’ere preferable, therefore, because they 
were inexpensive and could be obtained in large enough sizes, which was important in 
connection with the use of sunlight. 

We then come to his analysis of what should be done about separating infrared 
radiation, which would produce a thermal bum, from the useful bactericidal and 
inflammatory effects of radiation. Stated categorically, to remove all thermal effects 
of light would be a physical impo.ssibiUty s. oe all radiation has the property of pro- 
ducing heat; only the degree of production of heat in human skin is different for 
different radiations. By checking carefully he found that patients could not stand 
more than 45-55°. Long exposure to temperatuies higher than that had a very 
detrimental thermal effect. In his systematic manner he asked himself, in regard to 
the absorption of radiation by water, what percentage of the infrared is absorbed? 
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what is the absorption of ultraviolet or bacteriocidal radiation? what importance 
has the depth of the water layer? what importance has the temperature of the water? 
what are the absorption capabilities of different solutions that could be used to remove 
the biggest part of the heat radiation and the least of the ultraviolet radiation? He 
measured the temperature without water filter and found it to be 325° in front of his 
arc; then he filled the container with water, and the temperature went down to iii°. 
In his very precise manner he gives the spread of measurements, i.e., the average of 
six measurements that had varied between 89 and 120°. Tlie layer of water he used 
for these studies was 13 cm deep. He ran into all kinds of technical difficulties; 
anybody who has worked with a carbon arc can readily understand this. He c-specially 
had difficulty with the wandering of the arc. The arc would move back and forth at 
the electrodes and would not give a ver\' steady, uni.form light ; howe\c'r, for his 
purpose, this was not too sc'rious a problem. He concluded that, since jjure water does 
not absorb visible or ultraviolet light, the absorption was entirely in the infrared 
region. Then he switched to a different t\’pe of filter. The first filter he usc'd was 
iodine in carbon disulfide, which is an excellent filter that permits infrared radiation 
to penetrate and absorbs all visible and ultraviolet radiatiem. When h»' put this filter 
behind the water filter he showed that the iodine filter was not heated by radiation, 
indicating that for all practical purposes the water filter had absorbed most of the 
infrared radiation. He then checked on the absorption cpiality of pure water for bac- 
tericidal radiation and found, of course, that very little* if any of the* ultraviolet 
radiation was absorbed. He found water filters evim better than the c'mpty filter 
vessel, because the ultraviolet I'adiation would penetrate better through the water 
filter than through the empty vessel. Of course, he explained that this was caus(‘d by 
reflection on the different surfaces of th<‘ filters. It was important to h'in.scn tf) deter- 
mine a proper depth of the water layer; .should it be a thin layer or should it be v(*rv 
deep? A deep layer would of course be technically \'ery diffii ult to handle, whereas 
with a thin layer one had to be sure that it absorbed all the infrared radiation. He 
gives a veiy interesting table and shows the variation of the absorption of the wati'r 
for infrared radiation in layers from 9-2b cm depth; the temperature at the focus 
varied from 325'^ with no water filter to 170'' with 2b-cm depth. However, the water 
filter caused little variation after it reached a depth of about 3^ cm, showing that 
there is really no advantage of more than 4-cm depth. He conclutled, therefore, that 
5-cm depth was more than adequate for his work with sunlight. For use with artificial 
light, the lenses were small and a deep layer of water could be used without too much 
difficulty, so he increased the water layer up to 35 cm. Apparently in his exjM'riments, 
it made little difference in the results whether tin* water was kept at 5^ or 73". Later 
on, how'ever, Finsen changed his mind in regard to this becau.se he soon found that the 
water filter it.self would become a secondary source of radiation and, if the water 
became too hot, it might produce heat effects that were undesirable. On the basis of 
Dr. Absalom Larsen’s work in his laboratory, he concludc'd that it was absolut(.*ly 
essential to have freshly distilled water in all his equipment. It was important 
because not only would the contamination form a precipitate and light wouUl be 
scattered, but also freshly distilled water would have all air removed so that no bub- 
bles formed in the filter. 

He very quickly found that adding a small amount of methylene blue to the water 
made it a much ^tter absorber of infrared radiation. In a systematic study to find 
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the best way to remove the infrared radiation without interfering with the effective 
ultraviolet radiation, he examined methylene blue (an alkaline dye) and an ammonia 
solution of copper sulfate. The latter was b\’ far the better absorber of infrared 
rarliation, but it attacked the metal surface of the water container. Methylene blue 
was somewhat less effective but was much easier to handle. He carefully studied the 
effectiveness of these two solutions used in conjunction with each other. Using a 
combini'd filter he found that the copper-snlfate solution permitted more ultraviolet 
radiation to pa.ss than the methylene blue. He solved the difficulties of interaction 
between the solution and the metal surfaces by covering the metal surfaces with 
laccjuer. But even the copper-sulfate .solution absorbed too much of the ultraviolet 
radiation, and since with the use of artificial .sources this was an imjwrtant point, he 
avoitled this .solution or used an extremely dilute solution. 

'Pile next question was what could be ilone to help the ultraviolet penetrate the 
skin; for this he designed a special method. He pressed the lens and filter directly 
to the skin, which forced the blood away, thus decreasing the ab.sorption and improv- 
ing the ultraviolet peiietnation. To prevent the apparatus from becoming a source of 
irritating infrared radiatioti. he designed \'ery simple pieces of equipment, such as a 
(piartz conUne..o '■> belter heat conductor than glass) that could be pressed against the 
skin. Also, he saw to il that watfT circulated through this lens filter system. The 
]we.ssure apparatus would remove the blood and the circtilating water would cool the 
skin. Practicall)- speaking, this was extremely important since the cooling effect of 
the circulating water had a beneficial <‘ffect in alleviating the sensation of burning 
produced by the ultra\ iolet radiation. This changed the whole nature of the pratdical 
use of this ra<liation. All pressun* \-essels, even for sunlight, were sub.sequently made 
of fpiart/. 

b'insen’s first eqiiipment for concentrating sunlight wtis awkward and very difficult 
to handle. Tlu* \’essel would contain as much as lo liters of water with a massive glass 
lens on «‘ach end. It must be n-membered tlud it that lim. i, was very difficult to get 
large lenses. He e\'entually devised one of his own by using i watch glass, w'hich he 
filled with water and held against a gla.ss plate. This system worki'd fairl\- well, but at 
that time watch glasses were imperfect and he never really achie\'ed the optimum con- 
dition, especially for sunlight. Of course, when he changed from sunlight to the carbon 
arc, w'hich has so much greater intensity in the ultra\'iolet and is a fixed source, much 
simpler design was {possible. This was espcnaally true when he obtained quartz lenses 
and used the long water column, which .staved so well as a coolmg unit for the radiation. 
He encountered man\’ difficulties, since the optical industry as we now have it did 
not exist at that time. He had to design his own lenses and eejuipment - - and he did 
an excellent job, as you can see when you \’isit the h'insen Museum here where many 
of his pieces of equipment are on display. T ' had lo have a gov^d understanding of 
optics to design the ecpiipment so that he could get a uniform spot of light on the 
skin. In using the light beam, he had to take precautions that the area was uniformly 
irradiated and finally decided on long-focus lenses, which .simplified the problem 
considerably. With modern equipment, this is a comparatively easy problem, but at 
that time it was difficult and awkward. Also, he constantly had to switch between 
sunlight, in which the light comes in fairly parallel, and an artificial source — the 
carbon arc — which is a point source and requires a differently designed apparatus to 
be effective. 
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His most interesting design of apparatus was for the electric arc, which can very 
well serve as a model for modem design of equipment. In all these designs and plans 
for his work, he had to consider the economics as well as the effective scientific design, 
a design that would enable him to irradiate as great an area as po.ssible at as great an 
intensity as possible. Since he often had to exjxjse many patients at one time, the 
apparatus was designed accordingly. If you visit the Museum you will see how intel- 
ligently he went about this. 

Then he had to decide in which cases to use sunlight and in which ones to use 
artificial light, especiallj' since sunhght contained much infrared radiation and a very 
small amount of far ultraviolet. In the carbon arc, the reverse was true. Also, the 
ultraviolet available from sunlight in northern latitudes was not very abundant. He 
concluded that the electric light was much better for practical treatment. He designed 
a 20-25 cm diameter lens for use with sunlight and used a much smaller lens with the 
carbon arc. He used a carbon arc extensively at about 70 A, which is still moderate in 
infrared production that could be handled by the type of etjuipment he had. Time and 
again he discussed the effectivene.ss of the light in killing bacteria. With sunlight, 
several minutes would pass before an effect could be recognized; but with artificial 
light from a 70-A carbon arc an effect required only a few seconds. In spite of all the 
theoretical differences and advantages of artificial light, there was some tendencx- at 
the Finsen Institute to give preference to sunlight, because its mild radiation effect 
and lack of short ultraviolet had a generally better effect than the carbon arc. The 
preference for sunlight treatment may also have been influenced by the fact that 
patients were treated in the summertime, when they were out in the fresh air and 
probably had a general feeling of w<?ll-being. Also, in the summertime the lupus in- 
fection would tend to be much milder or would disappear entirely. With other diseases 
of the skin, however, this w'as not so, and here the concentrated radiation from a 
carbon arc was much more effective. 

Of course we always ought to remember, and my own tendency is to forget this, 
that there is very little sunlight in cities of the North except during the summer 
months, which probably was one factor that encouraged Finsen to develop the carbon 
arc. The area where I come from has bright sunlight with a reasonable amount of 
ultraviolet radiation even during the wintertime, except for a jieriod of say H weeks. 

Finsen was very much interested in the scattering and attenuation of solar radiation 
as it traverses the atmosphere. In particular, he gave many di.scussion.s of the red 
color of the setting sun as well as the changes in infrared and ultraviolet composition 
of sunlight reaching the earth’s surface as a function of the sun’s elevation. In addition 
his coworkers, for example, Larsen the physicist and his group, made cxa'llent inten- 
sity measurements of total sunlight. They found, for instance, that in .summer he 
amount of ultraviolet would have the effect of a factor of 119 at noon, whereas at 
7 :oo P.M. it would have only 5, in spite of the fact that on the 21st of June there are 
almost 20 h of daylight. They found that the sunlight at noon on the 21st of December 
contained as much ultraviolet radiation as at 7:00 P. M. on the 21st of June. 

Then finally, as a good scientist. Dr. Fin.sen worried a1)out the .shortcomings of his 
methods and wanted to know what could be done to .improve his sources. Here he 
emphasized again that the radiation .should be as rich as possible in the ultraviolet and 
as poor as possible in the infrared. In regard to sunlight, he pointed out that its 
location on the surface of the earth and the times when sunlight is used are im|x>rtant 
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factors. I hardly need to point out the great influence this had on the development of 
outdoor sanitoria in places like Davos, where the atmosphere is clear and the location 
fairly far south and where there is a minimum interference with the sunlight. Modern 
developments in medicine, e.g., the antibiotics, have made many of these institutions 
obsolete. He pointed out that Switzerland was probably a good place to develop 
these sunlight treatments and Greece was even better. He had many suggestions for 
improvement of the apparatus to handle irradiations. 

I think the generosity with which Finsen as an investigator treated his coworkers 
should be pointed out. He did not hesitate to mention each one who had worked out 
something and ho did this in a very systematic manner. The names of Larsen, Bang, 
Bie, Busek, Jensen, Schmidt-Nielsen, and many others were connected with the 
accomplishments of Finsen. 

If we consider that Finsen started out long before X rays were discovered, that he 
saw the importance of physical, chemical, and basic biological studies conducted so that 
quantitative data were obtained that could help to unravel the mechanism of the 
phenomena, we feel more what a tragedy it was to lose him so early in his lifetime 
and can only humbly give our respects on his looth birthday. 
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FINSEN AND MEDICAL RESEARCH 

POL L V. MARCrSSEX 
T//t‘ FiiiscH Institute, Copenhagen ( Denmurh) 


In medical research Niels Finsen is known primarily for the studies and exfK*riments 
which led to his treatment of Iti/ms viilnaris. W'hen on November joth, i<s<)5 he started 
treating his first patient with concentrated ami filtered light rays from a |X)werfal arc 
lamp, he was creating a new tlierapcuitic method for an hitherto incurahlt; disease. 
Niels Finsen’s first patient was typical of the lii/>us patients of those times. lie had 
undergone surgical ojjorations which ne^vertheless had failed to arrest the progres- 
sion of the disease. After having had light therapy for 4 months he was practically 
cured. 

To posterity it must seem to have been by chance or by a stroke of gi'iiius that 
Niels Finsen chose lii/:iis riil^aris to illustrate the value of his therapeutic principle. 
At that time he was only .54 years of age and he was cultivating his anatomical 
and surgical interests with great talent. He was alreadv known as an able experi- 
menter, but his pre^•ious biographers** have been of th»' opinion that he was but 
.slowly accepted as a sci«‘ntist. Kep«'ated p(*ru.sal of .Niels l*'insen*s first publica- 
tionsi-^ however, reveals that he mu.st have belonged to the ran* group of .m ientists 
who form their scientific philosopliy at an «‘aiiy age ami go on elaborating it bv 
observations and experiments throughout life. We know that :>s «‘arly a.*' tin- age of J(t 
he formed an opinion of the biological effect of light which he considered to be jm*- 
dominantly beneficial. His observations of nature and the results of some pn'liminarv 
e.xperiments upon himself led to the d«‘velopment f)f three valuabh* phototherapeutic 
methods from this ba.sic idea. In at the age of .}r,lie published his tn-atment of 
small-po.x, exclmling the undesirable rays by red tiltiusb I'liis was a purely logical 
deduction based on known facts, but its value was soon confirmed bv others. .\ft(!r 
havdng studied the detrimental effects of light ff)r one or two years-, hinsen reverted 
to its presumed beneficial effect, fin«ling supjM)rt in studies of the seasrmal variations 
of the haemoglobin level* in Jtt()4. The following year In* publi.slu-d •.omprehensive 
investigations into the effect of various rays upon the movements of lower animals*. 
By l8</i he had arlopted the views of modern bacteriology, trj’ing to explain part of 
the beneficial effect of light by a bactericidal effect*. He was tin; first to adopt the 
physical laws on quantity, quality, absorption and penetration in phototherapy, and 
predicted that it ought to be j)Ossible to constrtwt an .apparatus abh* to kill bacteria 
in the superficial layers of the ti.ssue within a reasonable time. In a brief appendix 
to his paper he reported the re.sults of treating 1 1 p.alierils suffering from Inftns. ( )nly 
one of them, however, had been followed up for any length of time. The choice of 
lupus as an experimental subject is quite astounding, but without doubt this was 
just another manifestation of Niels I'inscn’s talent for logical deduction, h'inst'n 
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himself states that he chose lufyu^ because it was a superficial, local, bacterial disease, 
because the tubercle bacillus was known to be suspcctible to light, and because for 
this disease “a new and better method of treatment was needed". Because such a de- 
duction can .anticipate discoveries whi^ h would not otherwise be made for decades 
or even centuries .and thus .alleviate much human suffering, I have investigated other 
theories on this subject, particularly the influence of earlier surgical literature and 
the special consideration of tlie first patient, w'ho was a friend of the director of the 
laboratory of electrophysics where Niels Finsen performed his first experiments. On an- 
other occasion 1 hope to be able to submit the results of these investigations. They 
appear to prove that any other influenc(‘ m.'iy be ruled out and that the choice of 
lupus vulgaris was exclusively a n^sult of scientific thinking. 

that Niels Finsen had to fight (or his ideas is no doubt correct. But his victory was 
quicker and more convincing than in analogous cases. As early as August i8q6 he was 
able to open his first, though jmmitive, Res(‘arch and Therapeutic Institute. This is 
another proof tliat his was an elaborate and well-founded theory which could con- 
vince a group of critical experts although at this juncture the treatment of the first 
patient had not ev'en been completed. Fhe treatment of lupus gained great practical 
iinportanre.’^.'vliV I ihe* rn(‘thod had been submitted to the 13th International Congress 
of M('dicine“ in Paris in lyoo, it was adopted in practically all European countries, in 
Egypt, in japan, and in the T.S.A. It prevailed as the sole treatment until vitamin 
1 )l» therapy was introduced by Charpy and Fanielle. In the latter method too Finsen 
therapy w^as used as an adjuvant, and even afltT the advent of chemotherapy in 
tuberculous diseases, Finsen therapy will still be useful in cases w’here bacterial 
resistance develops Not all the details of Niels Finsen’s ideas have been fully con- 
firmed This applie s particularly to the effect of light upon bacteria in the tissues 
w hich has proxrd to be limited by physical conditions. HowTvxr, his basic view that 
the effect of light on lupus vulgaris is a photochemical process w^as confirmed in 1958 
by the interesting findings of Van der I-ugt and RotticT, but»» of whom are present at 
this Congress. Niids Finsen’s medical recommendations in rek-iion to artificial general 
light-baths have influenced a large number of scientists. Moreover, the concept of 
sunlight as a source of health has completely altered the attitude of the population in 
the northern lowlands. 

Let mi‘ finally re\'ert to lupus vulgaris. Niels Finsen centnalized and organized its 
treatment in a w\'iy which to this day has permitted .study of the di.sease on a nation- 
wide basis as well as trial of other therapeutic methods. No\/, in i()()0, one hundred 
years haxn? pas.sed since Ni* ls Idnsen w\as born. It is also the first year in which no 
fresh case of lupus has been received for treatment in tlie Finsen Institute in Copen- 
h.'igen, wdiero only two resistant ca.ses of this disease are now being treated. Altogether 
some 5000 lit pus patients ha\’e been treated ^ the Institute and of these 4000 have 
been cured by L'in.sen’s method alone. Thus, the eradication of lupus vulgaris from 
Denmark is primarily due to the w'ork of Niels Finsen. 
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PLANT CELL RESPONSE TO VISIBLE LIGHT 
EXCLUDING PHOTOSYNTHESIS 

HEMMING I. VIRGIN 

Institute of Plant Physiology, Royal Agricultural College, Uppsala (Sweden) 


The living organism has many times been compared with a factory. In the green plant 
factory, light energy from sun is the main fuel to drive the engines — the green 
chloroplasts — by means of which the plant is able to buikl up carbohydrates which 
later on can be converted into other chemicals. 

The enginef^^ \p a factory need maintenance in order to work properly and must be 
kept in order and be continuously adapted for the variously occurring needs and 
conditions. For this attention energy is required, distributed through several different 
departments in the factory. This is also true for the green plant. While photosynthesis 
and production of the plant body is the* main energy-consuming process, the main 
operation of the factory as it were, a numbe* of other less energy-consuming but 
nevertheless verj" important processes arc grouped around it in order to make the 
conditions as favourable as possible for this main process to run. Many of these pro- 
cesses also need light energy to proceed, although the light in some instances is working 
more as the trigger mechanism than as the energy source for the reaction. In this paper, 
stress will primarily be laid upon some of thc'^e other ligid energy-consuming pro- 
cesses ' mainly those which are brought about by light in thu blue part of the visible 
spectrum. 

There is a fundamental physical law wliich states that light cannot exert any effect 
on an irradiated system unless it is in some way absorbed. Since the plant cell is rich 
in pigments which can absorb different wav^elengths from white sunlight, the natural 
light source for plants, we can expect that many reactions will be brought about by the 
light through its absorption by pigments. The various pigments are often connected 
with special chemical systems and we can also expect that — depending on the quality 
of the incident light — different light-dependent reactions will be initiated. 

Upon irradiation with white light all reactions will proceed simultaneously but 
by using monochromatic light, or light fror- only limited part«^ of the spectrum, it 
may be possible to distinguish between different light-dependent reactions. In this 
way the action spectrum for the process in question can be established and from this 
action spectrum we may be able to deduce the pigment or pigment systems responsible 
for the reaction. The photoprocesses in higher plants seem to a great extent to be 
regulated by five photochemical reactions which are working more or less simul- 
taneously although theic is some interdependence. As photosynthesis is the main 
reaction all the others are to a certain extent dependent on the products of this pro- 
cess. There is also evidence which indicates some connection between several of the 
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reactions which earlier were coiisitlercd to work independently of each other. Wc can 
here distinguish between high-etu'rgy reactions and low-energy reactions. The high- 
energy reactions proceed at light intensities above about loo ft.-c.andles if we consider 
unfiltered sunlight, while the low-energy reactions rei[uire much lowt'r intensities. 
The main high-energy process in the higher plants is of course photosynthesis which 
requires intensities between about loo and looo ft .-candles to produce any appre- 
ciable amount of material. The compensation point is in most cases at intensities of 
about loo ft. -candles and e^•en if the photos\’nthetic process is working b(‘low this 
point there is no net production of material. Table I lists, as far as we know, th(‘ princi- 
pal photochemical reactions, which should be taken into account in studies of green 
plants. 
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The first process listed is the synthesis of chlorophyll a from its pn'cursor proto- 
chlorophyll. It is well known that plants in darkness do not form any gre»-n pigments 
although small amounts of protochlorophyll an; always present in all grei;n i)lants 
which are kept in darkness. This substance is transformed rapidly into ('.hlorophyll a 
by lights and we know that the light w+iich is active; in this process is that which is 
absorbed by the protochloro[diyll. Tliis means that the action siH;ctrum for tin; pro- 
cess will be very like the absorption sjjectrum for this .sulxstance with two peaks - oH‘“ 
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in bine and one in red. Kven the formation of the precursor protochlorophvll seems to 
a certain extent to be dependent on a light reaction, both red and far-red light 
playing some role*-2.». 

Sec'ondly we have the main photojvrocess of plants, photosynthesis. The chloro- 
phylls aie the principal photorec('ptors for this reaction although energy absorbed by 
other pigments can be used aft(T transference to chlorophyll a^. 

lh(‘ next group of reactions is initiated by blue light. Although it has not yjt been 
definitely proved it is thought that the photoreceptors in these reactions are located 
in the cytoplasm itself while? in the reactions mentioned above, chlorophyll formation 
and photosynth(‘sis, the njceptors are located in the chloroplasts or the so-called 
proplastids, the small bodi«\s which are later transformed into chloroplasts. Among 
ri‘a('tions belonging to this group, we have first and fori?most the phenomenon of 
phototropism. I his is tiu* visible n^sult and th(' last step of a long series of reactions 
stalled by the absorption of blue light in some kind of yellow pigment the nature of 
which is not yet clear. Phototropism the bending of shoots towards or laway from 
a light source must of coimsi^ have a cellular origin. There are several responses of 
the single cell known which may bo connected with this process. Variations in the 
('onsisl(‘iu'y*'./r i^».«‘'^ity of the cytoplasm and alterations in protoplasmic streaming 
under the influc'iu'e of light have been rather w(‘ll in\'estigated and will be parlicularlv 
dealt with in this sm*\ ev. IHliU' light also luas a reactivation (*ffect on cells which have 
be(Mi irradiatt'd by ultraviol(‘t light. The action spectrum for this process indicates 
an absor|)tion by pyridine nucleoti(U*s or riboflavin'*. 

lunallv we have a long series of abactions wnich are initiated by light in the long 
wa\‘e r(‘gion of the visibh* spectrum. Because they intervene in so many important 
asp(»cts of ])lant d(‘velopment, such reactions seem more and more to attract the 
attention of plant physiologists. The interesting feature of the.se phenomena is that 
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lug. 1. Action spectra for the main photochemical reactions in the plants*. 
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we have here a reversible system in that reactions initiated by red light can l)ecoine 
nullified by a subsequent irradiation with far-red light. Among the.se reactions we have 
one in which far-red light seems to increase the frequency of X-ray-induced chromo- 
.somal aberrations. This effect is reversed by red light’. The action spectra for these 
main photore.sponses are seen in Fig. i. In Table II are shown some values for a few 
important responses for the range of light intensity from full sunlight down to dark- 
ness. From Table II it is clear that the cell of the living green plant responds to a 
tremendous range of light intensities and one can say that intensities from zero up to 
full sunlight are effective in moulding the sha{x* of the plant. 
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# 

Limit of (let«‘clable chlorophyll synthesis (red) 
Thre.sludd of phototropisin. \vena tip (blue) 

rhreshcdd tif bean hof)k response (retl) 


Iwiinit of rod vdsion, dark-adapted '“ve 


Threshold of photoniorphogenesis (red) 
.\vena first internoile, Hean hvpocotyl 


It is probably a long time since man first ob.st'rve(l that shoots and flowers in general 
l>end towards the sun. V\'e observe that our potted plants in the windows sf)oner or 
later orientate their leaves towards the light of the sky. This phenomenon of photo- 
tropism was first studied .scientifically by Darwin, but the most pt'iictrating stiulies 
w'ere performed by Dutch plant phy.siologists at the beginning of this c»-ntury. Since 
that time particular intere.st has been focused on the behaviour of that part of the 
grass seedling which first emerges from the grouritl, the so-called coleoptile which 
encloses the first leaves. Oni* might say tlwit hardly any part of the plant has been so 
thoroughly and carefully studied as this little pale cylindrical plant organ only 
3-4 cm long. 
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A characteristic feature of the coleoptile is that it is extremely light sensitive and 
will bend towards, or away from, a light source depending on the amount of light 
energy administered. The phenomenon of phototropism is a characteristic feature for 
all growing shoots and sometimes root lips show a similar response. If they do, they 
usually bend away from the light source. The literature on this phenomenon is enor- 
mous and the researches reported include all kinds of irradiation experiments more or 
less ingeniously arranged. The phenomenon of phototropism is not restricted to 
higher plants since similar responses are found throughout the whole plant kingdom. 
The bending of the sporangiophores of ce»'tain lower fungi have also been extensively 
studied. 

It quite early became clear that the bending was the result of a different elongation 
of the cells on the irradiated and non-irradiated sides of the organ. The question of 
wh(!ther the organ rcsjronds as a unit or whether the bonding is the result of light- 
growth reactions of the single irradiated cells wjls not solved until around 1911, by the 
Danish plant physiologist Boysen-Jensen ; Paal, Stark and bier Went in 1928 definite- 
ly proved that the bending was caused by the presence of a chemical substance. The 
growth of the organ itself is thus due to a growth-promoting substance which is 
continuously' in the very tip of the coleoptile from where it migrates down- 
wards. During its passage to the basal region it affects the cells it passes. The effect of 
tight on the coleoptile and on shoots in general, if we now re.strict ourselves to the 
phenomenon of phototropism, thus consists of an influence on this stream of growth 
substance so that — in the case of bending towards the light source — more of the 
substance is moving along the dark side of the irradiated organ than along the irra- 
diated side. The finding of this cause for cell growth in general gave rise to tremendous 
research activity in this field. How the stream of growth substance is affected has not 
yet been discovered, and this is a very real problem in plant physiology today. 

What do we now know about the primary light action in this process? It would be a 
flagrant lie to .say that we do not know very laach since the literature on the subject 
is very comprehensive, but the truth is that in spite of this 'xe still do not know for 
sure which substance absorbs the light. It was quickly recognized that this reaction 
takes place only in blue light. If a coleoptile or shoot is unilaterally irradiated by a 
beam of red light the growth of the coleoptile may be changed, but it does not bend. 
From this it may be concluded that there must be a yellow pigment in the plant which 
is responsible for the light absorption. x\lthough a great many experiments have been 
performed in order to find what this pigment is, the question has not yet been solved*. 
The present position can be expressed thus. It was soon found that the action spec- 
trum for the process is very like the absorption spectrum for some carotenoids. From 
this fact the conclusion was drawn that carotenoids are the photoreceptors of the 
process as such compounds are present in th organ. Later expeiiments have shown 
that even organs having little or no carotenoid content respond phototropically and 
that there thus must be another substance which absorbs the light. Such a substance 
we have in riboflavin which is present in all living cells and it is found that its ab- 
sorption spectrum shows similarities to the action spectrum of phototropism. There 
are differences in the location of the peaks of the absorption spectra of the two 
substances in vitro, but we do not know for sure their locations in vivo. Probably light 
absorption by both substances is active in the process. The obtaining of a true action 
spectrum for the process is rendered difficult by the fact that probably at least two 
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reactions are proceedinp simultaneonsly cjuite possibly with different absorption 
mechanisms. 

The visible results of a light stimulus must have a cellular cause. This is of course <i 
truism. Nevertheless, it is an important fact to bear in mind. Not until we have been 
able to track down the primary effect of light on the .single cell can we understand the 
further mechanism underlying the visible reaction. The plant cell is uniciue in the 
respect that it responds to visible light in .so many different waj’s. It is possible to 
show experimentally that irradiation changes the g(*neral metabolism through chan- 
ges in enzyme activity, ion uptake and the content of growth promoting substances. 
It also affects the viscosity of the cytoplasm, the permeability of the plasma mem- 
branes, the streaming of the cytoplasm and many other factors. 

When it comes to find out possible connections between changes of this kind and 
responses manifested in a visible change like that of phototropism, one has to return 
to the action spectrum for the process. From the experimental results hitherto gath- 
ered it is more or less evident that changes in the cytoplasm itself, like changes in ikt- 
meability and viscosity and to a certain extent also protoplasmic .stn-aming and 
chloroplast mo\’ements, are initiated by long wave ultraviolet light and the blue part 
of the visible spectrum with a limit at about 5000 A. .\s chang«'s of this kind take place 
very rapidly, sometimes within a few .s(‘conds or a few minutes of the commencement 



Fig. 2. Kffi'Ct of centrifuging on leaf cells of llelodea drma. I-cff : centrifu). Right: not centri- 
fuged. (Orig.) 


of irradiation, it is clear that thc.se effects alway.s precede tlie redistribution and 
changes in hormone contents which are measurable after irradiation of shoots, 
coleoptilcs and similar organs which show a visibU; ithototntpic response. Ibit this 
does not, of course, neces.sarily mean that there is any further conm'ction between the 
plasma changes and the distribution of growth suj]jg|pm||Lr^y opinion • however, the; 
different phenomena settm to br; connected. 
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The effect of light on the viscosity of the protoplasm^” can most easily be demon - 
stFiTted by centrifuging irradiated cells. The contents of the cells which have different 
specific gravities from the cytoplasm will then move to the centrifugal or centripetal 
ends of the cells depending on whether their specific gra\'ity is higher or lower than 
that of the cytoplasm itself. In cells containing chloroplasts, these particles move 
towards the centrifugal ends of the cells. By using centrifugal forces of the right value 
it is in this way possible to distinguish between cells with cytoplasm of different 
viscosity, hig. 2 shows two parts of a leaf of Ilclodea ~ a common Avatcr weed — one 
part of which has been centrifuged so that a displacement of the chloroplasts has 
taken place. 1 he magnification is about 100 times. Most of the chloroplasts have here 
assembled in aggn^gates at the centrifugal ('uds of the cells while the rest of the cells 
look rather empty. A centrifugal force of ca. goo g was applied to achieve this displace- 
ment. 

An approximate value for the protoplasmic viscosity can be obtained by determin- 
ing the time in minutc*s which is recpiired with a constant ''.(*ntrifugal force to get a 
displacement of the chloroplasts in about go*';, of the cells. This value can be deter- 
mined rather accurately due to the .structural properties of the cyto}>lasm. The 
contents of l-Kt* 'J.o not move gradually but wh(‘n the chloroplasts start to move in 
a cell the furthc']* displacement will be finished within about 0.5 min — if they move 
at all. The fact that the cytoplasm only liiuis the inner walls of the cell wall also 
contributes to this kind of displacement. If centrifuging is carried out at short intervals 



I'iK- 3. I^'luctuiilions in lln* pnitoplasinic viscosity (hiring the ccni-sc of night and day^®. 


during the course of the day, it is found that the value for the centrifuging time fluc- 
tuates. The viscosity shows maximum \'aluei Hiring the night aiid minimum during 
the day time (Fig. 3). The same kind of fluctuation can be measured in terrestrial 
plants^"^ but as the consistency of the cytoplasm responds to changes in the water 
deficit of the plant, the conditions become more compHcated. 

Even under the influence of con.stant light, the protoplasmic viscosity shows fluc- 
tuations. It is thus never possible to get a constant value for the visco.sity under the 
influence of light. The ch«.nges under the influence of natural daylight show a definite 
24-h rhythm. This rhythm however, seems to disappear under the influence of constant 
light. In the latter case in contrast with the photoperiodic changes, the changes in 
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\'iscosity values show no signs of a regulation by any autonomous rhythm. The only 
way in which one can obtain a constant value for a longer period of time is to keep the 
cells in darkness for at least three consecutive days. After this period in darkness the 
value is fairly steady (Fig. 4), although when a constant value for the viscosity has 
been obtained in this way the cytoplasm is extremely sensitive to the influence of light 
(Figs. 5 and 6). 



Fig. 4. Fluctuations in the protoplas- 
mic viscosity during three days in 
darkness'®. 
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Fig. 6. As I'ig. 5. 



Fig. 5. Fffvct of continuous light on stabilize 
protoplasm*®. 



Fig. 7. Effect (»f slmrt light im- 
piiLscs on stabilized probiplasin'®. 


If we first look at the response during the first few minutes to different light inten- 
sities under constant irradiation it is found that the response depends on the intensity 
of the light. Except for a transient increase in the value for high light intcn.sities which 
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might be due to experimental error, the most evident effect is a strong decrease of the 
value. A gradual decrease in the light intensity makes this decrease less evident and 
an intensity of about 2200 m-candles (about 200 ft.-candlcs) only causes fluctuations 
in the value around the initial value. Under the influence of still weaker light the first 
effect on the viscosity of the cytoplasm is an increase in the value. This incrca.se takes 
place within an intensity range from about 1500 to about 10 m-candles. Still lower 
intensities of light again cause a decrease in the values similar to the first effect of t he 
light impulse. 

If, instead of using constant irradiation, the cells are irradiated with short impulses 
of light, characteristic fluctuations in the values are observed. One example from 
such an experiment is presented in Fig. 7. This series represents just one intensity of 
light — 22,000 m-candles — which has been given for varying short periods of time. 
The changes which are observed resemble very much the light • growth-reactions of a 
colcoptile which can bt* measured after a short light impulse, i.e. the different reactions 
are very similarly timed. 



Eig. S. Localized change in the viscosity «>f Hclodea protoplasm, obta.'ied by irradiation of a leaf 
through a slit in tin-foil, folicnvetl by centrifuging*. 


From exiwriments like these it has been possible to determine the threshold value 
for obtaining a resjxmse. The highest .sensitivities hitherto measured on material 
cultivated during the winter is b m-candle-second for the threshold value for the 
minimum quantity of light wltich is needed to elicit a response. At the same time the 
absolute thresholcl value for obtaining a response after many hours of irradiation was 
as low as 0.001 m-candles. The values in absolute energy units have not j’et been 
established. The threshold values are thus c ■■ the same order of magnitude as those 
found to applj' to the phototropic phenomena. .As far as light influences on viscosity 
and on jiermeability are concerned, it seems likely that the light effect is very local. 
Ibis means that only the irradiated parts of the cehs arc affected and thus show a 
response to the light stimulus. 

In Fig. 8 a leaf of Helodea is .seen which has been irradiated through a slit in tin- 
foil and then centrifuged. Under the influence of the centrifugal force the chloroplasts 
— having a specific gravity higher than that of the surrounding cytoplasm — have 
moved to the centrifugal ends of the cells. As light in this case has caused a lowering 
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of the viscosity of tlie cytoplasm, the chloroplasts in the irradiated cells move faster 
than in the other cells. It is possible to di.scern a very sharp l)ord(‘rlin«‘ between the 
irradiated and non-irradiated cells. It is also possible to distinguish between the irra- 
diated and non-irradiated parts of a single cell (Fig. 9). As the cells respond so distinct- 
ly to the light it has been }X)ssible to use this method to obtain the action spectrum 
for the light action (Fig. 10). This figure shows a leaf of Hclodca which has been 
irradiated by an energy -equalized spectrum with an energy gratlient from the bottom 
to the top. After irradiation the leaf has been centrifuged. The result is an action 
spectrum produced directly on the leaf, formeil by the cells in which the chloroplasts 
have moved due to the decrease in plasma viscosity. The picture is a combined ])lioto- 
graph from ten single measurements. The spectrum obtained in this way is a typical 
blue-t^qx* spectrum .similar to that of phototropism although in this spectrum it is 
not possible to find any definite peaks. It is thus not possible to make a detaih'd anal 



Fig. 9. The txirderlinc Ix'twcen irradiated and non-irradiatetl .irea"'. cf I'ig 



4200 A 4400 k 4600 k 4800 k 5000 A 


Fig. 10. Action sprctnira for thr light-indiicrd change in protoplasmic viscosity. Iliis action 
spectrum has iK.'cn obtained l»y the projection nf a light-spectrum with a vertical energy gradi(*nt 
directly on a leaf, followed by eentrifiiging‘ ^ 
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vsis. Earlier measurements on single leaves had revealed that there are indications of 
two peaks in this action spectrum but the spread between the single determinations 
is so great that the results arc not quite ('onclusive. However, everything points to a 
great similarity between the spectra. 

'Fhe effect of light upon the viscosity of cytoplasm has been demonstrated in differ- 
ent species of green plants, aquatic as well as others, and there is reason to believe 
that it is a general phenonumon. ()n(‘ may therefore suppose that there exists a 
correlation between this phenomenon and phototropism. If blue light has a general 
influenc(i on cells and such an influerce has also been f)roved to exist in cells of 
coleoptiles - j^hototropic bending will be the result, in the case of a polar organ with 
a continuous flow, of growth hormones in one direction. It should be emphasized 
however, that we still do not know how a iK)ssible change in the plasma viscosity can 
affect the transport of hormones. Also, no effect of light on the transport rate of 
growth substance has hitherto been demonstrated. The cellular changes behind the 
N’isible phenomenon of phototropism must thus still be consid'Ted an unsolved problem. 

Among other effi'cts of lighi on the cytoplasm which probably belong to the same 
group we may considtM- that on the protoplasmic streaming. This effect would appear 
to be a very t oiTnJiKated one, for it seems that W(* are dealing here with two simul- 
taneously occurring reactions, firstly a purely blue-si^nsitive reaction and secondly a 
reaction with an action spectrum having peaks in th(' blue as well as in the red part of 
the spectrum^*^ A brief illumination of a cpleoptih* of Arena has a great influence on 
the protoplasmic stnMining of the cells*-. High intensities of light cause an accelera- 
tion in the flow, while ri'tardation follows a briel illumination with rather low inten.si- 
ties. The first efh^ct of the irradiation can be measured about 3-4 min after the short 
light impulse. In eliciting changes of this kind in Arcm coleoptiles blue light is the 
most effective; thereaft(‘r comes violet and ultraviolet. The effect of green light and of 
light of longer wav(*lengths is nc'gligible. The timing of thes^ changes is very similar 
to tho.se in the case of plasma viscosity. 

Inducement of streaming by light has been known for a 1 ug time and there are 
ob.servations conc'erning this effect of light in a series of older investigations^^^ jbe 
interesting fact here is that both blue and reil light seem to be effective. Although red 
light is able to induce ])rotoplasmic' streaming, the streaming is not maintained if red 
light irradiation is continued. However, streaming does continue if small amounts of 
blue light are added. Thus long-wave light only acts as a transient stimulus while blue 
light acts as a stronger transient stimulus and also as a stationary one. 

Alterations in permeability are important among other responses which seem to be 
elicited by blue light. Although light-induced permeability changes have not been so 
w('ll investigated by modern technicpies, it is evident that on the whole they follow 
the changes in piotoplasmic viscositw On th other hand light efiects on ion uptake 
seem to bo coupled to photosynthetic proce.s.ses*'*. 

From this survey it is e>'ident that we know of several responses of the single cell 
which are elicited by tlu‘ same kind of light that causes macroscopicallv visible 
reactions of the plant. Whether they are parts of this macroscopic reaction or phenom- 
ena appearing at the same time as these but not correlated to them is, however, not 
>'et established. A more accurate determination of the action spectra for the single 
processes than it has hitherto been possible to perform is probably necessary before 
the question W'hether connections exist can be answered. 
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In the phototropic response indolacetic acid is the active agent which causes the 
changes in growth rate. It is now known that this substance affects the viscosity of 
the cytoplasm^® as well as protoplasmic streaming^**. One can therefore not exclude 
the possibility that the effect of light upon these cell properties can go via changes in 
hormone contents. The causality of these effects of light is thus difficult to decide and 
many problems await solution. 

In the general survey of the main blue-light responses which has been presented here, 
the phenomena have been treated as isolated processes not correlated to other light- 
responses of the plant, e.g. the red-light response. Until a few years ago the different 
light-dependent reactions were considered to work more or less independently of each 
other, but new experiments point to connections between the two systems. 

Macroscopically, the purely blue-sensitive system seems mainly to be localizc^d to 
the apical parts of the plant, parts which do not visibly respond to red light. It is 
evident however that we have a blue-sensitive system in all cells of the plant. This is 
also the case with the red responses. We might have macroscopic responses in only 
certain parts of plants although it can probably be shown that all cells respond in 
some way to red light. 

It has recently been shown that some blue-light effects can be counterac'ted by 
far-red light although it should be emphasized that no purely phototropic reaction has 
yet been nullified by such light. Far-red light is not able to bring about changes in 
viscosit3\ 
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LIGHT-INDUCED PHOSPHORYLATION 

DANIEI- I. ARNON* 

Lahoratary of Cell Physiology. University of California, Berkeley, Calif. (U.S.A.) 


I. A BIOCHEMICAL VIEW OF PHOTOSYNTHESIS 

The concept is firmly establishccl in cellular phj’siology that adenosine triphosphate 
(ATP) is a universal “energy-currency” acting as a link be+ween energy-yielding and 
energy-consuming metabolic leactions. The cell as a chemical machine acts like man- 
made machines in t hat it runs only on one form of energy. An electric motor runs only 
on electricilt , aNieam engine on steam. Other fuels such as wood, coal, or oil must first 
be converted into steam or electricity before they can activate a steam engine or an 
electric motor. Likewise, in the living cell the chemical energy that is released by the 
breakdown of foodstuffs must first be converted into chemical energy that is stored in 
the pyrophosphate bonds of ATP, before it can be used for the multitude of energy- 
requiring processes on which life depends. 

It is now well-known that ATP plays a key role as an energy tran.smitter in mus- 
cular contraction, in the active transport of solutes across semipermeable membranes, 
in glandular secretion, in the generation of electric current in nerve tissue (and in the 
electric organ of the eel), and in light emission by the firefly. What is of special con- 
cern to us here, however, is that ATP is requiicd for the sy"*hesis of carbohydrates, 
fats, proteins, and other essential cellular constituents. 

Carbohydrates, as is well known, are the main products of photosj’nthesis in green 
plants. Two mechanisms have been invoked to explain the role of light in the forma- 
tion of carbohydrates from CO2 and water during photosynthesis. One postulation, 
ascribed to light the role of generating from water a reductant (H), with a reducing 
potential sufficiently strong to reduce CO2 to the level of carbohydrates by some mech- 
anism that is peculiar to photosynthesis and different from the known biochemical 
reactions for the dark assimilation of CO2. This hypothe.sis has thus far remained 
speculative. 

The alternative view regarded CO2 assimilation in photosynth''sis as being a dark 
chemosynthetic process that is fundamental*, a reversal of the breakdown of carbo- 
hydrates which occurs in fermentation and respiration. The synthesis of carbohydrate 
by this pathway requires ATP and reduced p\T:idine nucleotide (PNHa). According 
to this view, the distinction between photosvnthetic .and non-photosynthetic cells lies 
in the manner in which ATP and reduced pyridine nucleotide are formed. Photo- 
synthetic cells form these compounds at the expense of light energy, whereas non- 
photosynthetic cells form them at the expense of energy released by dark reactions. 

* Tlii-s investigation \va.s aided by grants from the National Institutes of Health and the Office of 
Naval Research. 
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CO2 assimilation proper occurs, both in photosynthetic and non-photosynthetic cells, 
by dark reactions and is therefore removed from the domain of photochemical reac- 
tions (Fig. i). 

Experimental support for the second theory, /.c., the biochemical view of ('O2 assim- 
ilation in photosynthesis, came from several directions (literature reviewed in ref.^). 
However, this interpretation of photosynthesis could not be drawn with finality 
without an investigation of the pathway of CO2 assimilation at the particular cellular 



I'ifr I. C'ondcnscd diiigram of tlu‘ re- 
durtive carl)oh>’dratc* evch' in chloro- 
plasts. riu* cycle consists of tim e pliases. 
In the caiiM>xylative phase (A), ribnlose- 
5 -phosphate (Hii- 5 -r) is phosphorvlated 
t«» rihulose diphosphate (KiiDI’) which 
then accepts a iimleciile t»f ('()•> and is 
STARCH <-d<'a\ed to * molecules «)f phos])ho;^lycer- 
ic acid (POA); in the reductive })has(‘ 
(H) l*(rA is reduceil and convert etl to 
hexos<‘ phosphates: in tin* rej»j*iu‘rativ(‘ 
phase (( ) hexost‘ plu»s])hat<’ is converted 
into storaj^e (:arl>ohydrati*s (starch) and 
into th(‘ pentose monophosphate lu i'deil 
for the carhoxvlativ e phase. \I 1 thc' re- 
actions of tin* t vele o< cur in tin* dark, 
'riu* reactions ol the cai l«>\ylati\ <• ami 
reductive phases are ilriven by \TI’aml 
'i'l*NlI.i formeil m the lijj:ht 


site where .sugar synthesis oeoirs in green ])lants. This site is now known to he tlie 
chloropla.st- view that w^is onee wklelv heUl witliont the sttpport of eiitieal 

experimental evitlence-’-’^- and was later abandoned because of e\ idene<‘ to the eon- 
trary^'* only to be formulated anew on the basis of experiments witli t nicer earlion 
and improved methods for isolatitig functional ehloroplasts from leavi's- Recent 
experiments have also shown that within the ehloroplast it.self, th<- t'n/.ymei for COj 
assimilation are localize*! in th<- water-.soluble {xirtioii and an‘ eapalile of carrying out 
the s\'nthesis of .sugar in the dark, e\ en when they are phy-’i* .dly s*‘j>arated from tlie 
chlorophyll-containing particles’. 

2. PHOroSYNTHETtC PHOSl’HOKYI.ATIOX 

The experiments with isolated ehloroplasts have narrowed tlown tin; jfili’ of light in 
photosynthesis to those reactions in which rcdiu c-d pyridine nueleoti<fc‘ and A'l'l* are 
formed by light. VVitli re.spect to reduceil pyridiiu* nucleotidi* it has already been 
shown by several laboratories that isolated ehloroplasts were capable of reilucing 
TPN toTPNHz in light, with a simultaneousevolution of oxygen-* What remained 
to be determined was the source of ATI* in photosynthesis, or more spe<'ifi<‘ally, the 
cellular site and the mechanism by which ATI* is Ixdng formed during photosynthesis. 
From the standpoint of cellular physiology, thcr important (jiiestion was whether the 
ATI* used in photosynthesis was supplied by .some light-drivcn assimilation of inor- 
ganic phosphate that is peculiar to jdiotosvnthi'sis, or whetluT tli«* A TI* u.sed in photo- 
synthesis was supplied by the process of n*sj)iration. 

Before the recent investigations with is«>lated chloroplicsts th*; only cytopl.ismic 
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particles known to form ATP were mitochondria during the oxidative phosphoryl- 
ation phase of respiration. Oxidative phosphorylation by mitochondria has therefore 
usually been invoked in explaining the source of ATP used in photosynthesis as, for 
example, by Calvin's group \cj. ref.^i^, I'ig. 7]. A model was proposed that envisaged 
the formation of ATP during photosynthesis by a collaboration between chloroplasts 
and mitochondria. Chloroplasts were supposed to form, in the light, DPNH2, the 
fuel” for oxidative phosphorylation , and DPN H2 was then passed on to mitochondria, 
which n^oxidized it with molecular oxygen during oxidative phosphorylation, 
generating in this manner Al'P^-. 

'I'his model for thi‘ generation of A'fP in photosynthesis posed a serious difficulty. 
I'he most sjxH'ialized photosyntlu^tic ti.ssue, the mesophyll cells of leaves, are noted for 
their paucity of mitochondria. Within tVie mesophyll cells, especially in the part known 
as palisade parenchyma, chloroplasts are tlu* dominant cytoplasmic bodies; mito- 
chondria are f<'w-'L34 (Xhis is not the case in l(‘ss sp(‘cialized plant cells.) It was diffi- 
cult, therefore, to visualize how oxidative phosphorylatio!. by so few mitochondria 
could geiUTate enough ATP in tissues that have become especially adapted for vigor- 
ous photosyntlj#‘tic activity. 

I'he difficulty was removed when w’e disi'cvennl in 1954, that isolated chloroplasts 
are capal)le of syntliesizing A'l'P in light without tlu^ aid of mitochondria’. When 
conditions wi*re so arranged that C()2 assimilation w’as (i.xcluded, isolated chloroplasts 
usc'd light energy for tlu‘ coin iTsion of inorganic ])hosphate into ATP l)y esterifying 
adenosine diphosphat<‘ (A UP) with orthophosphate. It now became clear that it was 
unnecessary for chloroplasts to collaborate with mitochondria by making first a 
cellular substrate j.' the expense of light energy and then having the mitochondria 
convert this substrate to ATP. Light energy could be converted directly into ATP by 
('hloroplasts alone in accordance with the oviTall reaction : 

IIlUj* 

II • 1* I 11 • .\I)P - - — > n • A1 1* (i) 

clil<»r(iplasts 

LiKht-indiu’i'il A'l'l’ fonnation in chloroplasts raiscnl at once the question whether 
this process is analogous to oxidative phosi)horvlation by mitochondria. Two funda- 
mental differences were apparent. ATI’ formation by illuminated chloroplasts occurred 
without tin* eonsunqition of molecular oxygen and w’ithout the addition of an 
I'xternal chemical sub.strate to stipply free eiuTgy needed for the formation of the 
p\rophosphate bonds of ATP. The term photos\'nthetic phosphorylation--^ was 
therefore given to the light induced ATP formation by chloroplasts to distinguish it 
from oxidative (respiratoiy) phosphorylation by mitoehondria and the ana(?robic 
phos})horylations at substrate level that occur in glycolysis. In both of these processes 
ATP formation occurs at the exjH-nse of energ- liberait'd by the O' -.Jation of a chemi- 
cal substrate, whereas the only “substrate ’’ which is being consumed in photosyn- 
thctic phosphorylation is light. 

3. PHOTOSYNTHKTIC PHOSPHORYLATION IN CHLOROPLASTS AND BACTERIA 

In assessing the role of photosynthotic phosphorylation in photosynthesis an impor- 
tant question was whethe* this phenomenon was peculiar to chloroplasts or whether it 
wa.s also found in photosynthetic cells that do not have chloroplasts. Of special interest 
was the occurrence of photosynthctic phosphorylation in photosynthetic bacteria. 
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These ceIJs do not have chloroplasts, and carry on photosyntliesis anaerobically, 
oxygen being neither produced nor consumed. What was the role of oxygen in photo- 
synthetic phosphorylation.’ 

Oxygen seemed to be needed in some puzzling way for photosynthetic phosphoryl- 
ation. The process when first discovered, proceeded at a sustained rate only in the 
presence of oxygen^ {Fig. 2b) ; but a fundamental difference remained between this 
oxygen effect and the role of oxygen in oxidative phosphorylation by mitochondria. 
In photosynthetic phosphorylation oxygen acted as a catalyst, i.e., there was no net 
consumption of oxygen in the course of the reaction. Purified chloropla.sts were unable 
to form ATP in the daik by oxidizing known substrates of oxidati\’e jihosphorviation 
with molecular oxygen*®. 

Further investigation of photosynthetic phosphorylation by spinach chloroplasts 
soon resulted in the identification of FMN and \’itamin K as catalysts in the process 
(see ref.®*, p. 6320), *’•**. At optimal but still catalytic concentrations of either FMN®* 
or vitamin K, photosynthetic phosphorylation became iiulependent of external oxy- 
gen and proceeded vigorously in an atmosphere of nitrogen or argon. .At a much 
lower, “microcatalytic,” concentration of the added cofactors, photosynthetir phos- 
phorylation remained dependent on oxygen, although still showing no net oxygen 
consumption. 

These findings are also in agreement with the recent results of \V(‘.ssels®*, Jagendorf 
and Avron*® and Nakamoto, Krogmann and Vennesland-**, that photosyntlwtic 
phosphorylation with suboptimal amounts of cofactors was oxygi*n-tlep<'ndi'nt but 
became oxygen-indepc*ndent at higluT concentrations of cofactors. 

In charting our subsequent investigations, our group laid special stress on the anaer- 
obic photosynthetic phosphorylation which proceetls in isolatcid chloroplasts at 
optimal catalytic concentrations of FMN ami vitamin K. We considered this type* more 
fundamental to photosynthe.sis in general than the oxygen-catalyzed typt* becau.se it 
would also apply to ATP formation in bacterial photosynthesis in which oxygen can- 
not be involved. 

Soon after the discovery of photo.synthetic phosphorylation in isolated chloroplasts, 
Frenkel*® reported a similar phenomenon in the photosynthetic bacterium 
rillion rubrum. Although h'renkel .suggested that the light -induced .ATP formation in 
bacterial preparations was similar to that in chloro})lasts, the similaritN’ seemed 
uncertain at first, becau.s«‘ Frenkel’s photophosphorylatiot> system, which was a sonic 
macerate of R. ruhrum cells, differed in several re.spects from its counterpart in iso- 
lated chloroplasts. Frenkel’s preparations became substrate-de[H'ndont after washing: 
the rate of photophosphorvlation was doublerl on adding .-x-ketoglutarat***®. But in 
later experiments he ruled out the dependence on an added chemical substrate*® and 
the equivalence of chloroplast and bacterial photophosphorvlation seemed probable. 

Frenkel’s findings were followe<l by thos<* of Williams** who tlcmonstrated photo- 
synthetic phosphorylation in cell-free preparations of the obligately anaerobic photo- 
synthetic bacteria, Chromatium and ('hlorohium. It thus became cl»;ar that a common 
anaerobic mechanism for a light-in<hjc<;d phosphorylation that does not depend on an 
exogenous chemical substrate or on oxygen consumption, is shared by both green 
plants and photosynthetic bacteria. The energy conversion process projH'r seemed to 
be fundamentally independent of oxygen although it was still jxjssiblc that details of 
mechanisms were different in green plants and photosynthetic bacteria. 
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i: The disco v(?ry of photosynthetic phosphorylation in chloroplasts by Arnon et al,^ 
^and in bacterial particles by P'ronkeH^ confirmed and extended in a number of 
laboratories. Photosynthetic phosphorylation in isolated chloroplasts was observed 
'(hy Avron and Jagendorf'* 5 . 46 ^ Wesscls^*^, Vennesland and her associates 48 . 4 i ; jn algae 
f by 'riiomas and Haans^® and Petrack®®; and in photosynthctic bacteria by Geller 
■and Gregory Geller®^, Kamen and Newton and Anderson and F'uller®^. Whatley 
^ ct have also shown that photosynthetic phosphorylation by chloroplasts, 

which had previously been almost entirely limited to observations on chloroplasts 
isolated from one species, viz., spinach, is also demonstrable with chloroplasts 
, isolated from several other species of higher plants. It now seems well established, 
therefore, that the cytoplasmic particles, w^hich in all photosynthetic organisms con- 
tain the clilorophyll pigments, also contain a closely bound phosphorjdating system. 

Soon after the dc'inonstration of photosynthetic phosphorylation in isolated 
chloroplasts attempts were made to compare its rate with that of CO2 assimilation 
by illuminated whole cells. Since, as with most newly-discovcred cell-free reactions, 
tlu‘ rates of photo.synlhetic phosphorylation were rather lov , there was little inclina- 
tion at first to*.'^crord this j)rocess quantitative importance (ref. pp. 292, 345) as a 
mechanism for converting light into chemical energy. 

With further improvement in experimental methods we obtained rates of photo- 
synthetic phosphorylation up to 170 times higher*'*® than those originally described^ 
and i^ven these* high rates were exceeded by jagendorf and Avron®^. The improved 
rates of photosynthetic phosphorylation were eq*^al to or greater than the maximum 
known rates of carbon assimilation in intact leaves. It appeared, therefore, that 
isolat(‘d chloroplast retain, without substantial loss, the enzymatic apparatus for 
photosynthetic phosphorylation - a conclusion which was in harmony with parallel 
evidenta* that the phosphor\'lating system is tightly bound in the water-insoluble 
grana portion of the chloroplasts (c/.‘). 

4. THK Kl.ECTKON FLOW MECHANISM OF PHOTOSYNTHETIC I HOSPHORYLATION 

Anaerobic photosynthetic phosphorylation has provitled direct experimental evidence 
for the view that the conversion of light into chemical energy is independent of the 
classical manifestations of photosynthesis in green plants: CO2 reduction and oxygen 
<*volution. The sole product of the anaerobic photosynthetic phosphorylation is ATP 
and the salient fact which must be explained is that a "high-energy” pyrophosphate 
bond is formed at the expense! of ab'^orbed light energy. There is no need, a priori, to 
connect this reaction either with photolysis of water or with reduction of CO2. 

The simplest hypothesis to account for the formation of ATP in photosynthetic 
phosphorylation is to assume that, as in the dark phosphorylation.* of glycolysis and 
respiration, the formation of a pyrophosphate ond is also coupled with a release of 
free energy which occurs during electron transport, i.e., when an electron drops from 
the higher energ\^ level (that is has when it resides in the electron donor molecule) 
to the lower energy level that it as.sumes on joining the electron acceptor molecule. 
But. a mechanism for photosynthetic phosphorylation must also account for its 
' unique features: ATP is formed without the consumption of an exogenous electron 
donor and electron acceptor. Unlike oxidative phosphorylation, photosynthetic 
* phosphorylation consumes neither exogenous substrate nor molecular oxygen, only 
; light energy. 
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A mechanism for phbtosynthctic phosphorylation must, therefore, provide for the 
generation of both an electron donor and an electron acceptor in the primary photo- 
chemical act when radiant energy is absorbed by chlorophyll. Inve.stigations of photo- 
synthesis at the cellular level, in which the main preoccupation has usually been with 
CO2 assimilation and oxygen evolution, led to no cogent theory of the primary act of 
photosynthesis that would fit the experimental facts of photosynthetic phosphoryl- 
ation. As summed up recently by Livingston, “physiologists and biochemists appear 
to believe that this <|uestion (tlu‘ primary act of photosynthesis) was answered long 
ago by physicists while physicists find the problem distressingly complicated and 
therefore uninteresting’ 

The mechanism of photosynthetic phosphorylation that we have jiroposeds" o\ ».‘r a 
year ago regards the photosynthetic particle, chloroplast or bacterial chromatophore, 
as a “closed” catalx'tic s\’stem. W’e have .suggested that during the primary photo- 
chemical act. one component of the “closed” system, chlorophyll (bound to protein), 
becomes excited on absorbing a photon and “expels” one of its electrons that has 
been raised to a higher energy level. The excited chlorophyll thus becomes the electron 
donor. On losing an electron, chlorophyll assumes an “oxidizc'd” state, and in this 
way also becomes the electron acceptor in photosynthetic phosphorylation. The kev 
reaction in the propo.s(*d mechanism, the transfer of an "excited” electron from chloro- 
phyll to a cofactor of photophosphorylation, is based on a type of ivaction in photo 
chemistry that was experinteiitally documented bv Lewis and Li]>kin'*-. 


i. I 





LIGHT aSP 




Fig. 2. Scheme f<ir anaerolnc cyi tic. iMg. Sttii'iiie for aii:uTol»ic- i-yctii: ptuito- 

phosphiirv'lation cat.'ily/e<l l>\ vitaiiiiii K» or plKisplioryl.-ition catal>/e«l l>y plu-iiazini' 
FMN. I letail.s in the text metlloMlIfate (I'.MS). I let^l.'> in tlie text. 


The “expelled” electron returns in a stepwise manner to the “oxidiwtl” chlorophyll 
molecule which thereu|)on resumes its normal ground state. On its ndurn “downhiH" 
path, the expcjlled electron releas<>s free energy as it passes through several elcctnui 
carriers. The electron carriers are the eofactors vitamin K, I'MN’, (or relattsl pthysio- 
logical equivalents) and cytochromes. The.se intermediate electron carriers are coupled 
with enzyme systems that catalyze the phosphorylation process during which electron 
energy is converted into the pyrophosphate bond tuiergy of .ATI*. A diagrammatii 
representation of this concept is given in- Fig. z. 

Certain non -physiological agents, such as the dyt: pheiiazine methosulfate, hav< 
also been found to catalyze photosynthelic phosphorylation in bactirrial chromato 
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I)hor(‘s*'>‘^»®*^ and in chloroplasts and presumably act by providing artificial "shortcuts’ '52 
for the physiological electron pathway from excited chlorophyll to cytochrome (Fig. 
3). (Idienazine inethosulfate has been shown by Massey 5® to be a very effective elec- 
tron carrier in reactions involving cytoc hromes). At high light intensity the rate of 
cyclic photophosj)horylation with phena/ine methosulfate exceeds that catalyzed by 
vitamin K or hMN. fliere is evidence^ for interpreting this as being the result of 
phenazine methosulfate by-passing a slow stop in the process. 

At low' light int(‘iisity the overall rate of cyclic photopho.sphorylation is limited by 
Ihe elc'ctron flow'. Under these conditions the rate of photopho.sphorylation obtained 
with vitamin K or FMN as catalysts was about twice that obtained with phenazine 
methosulfate ^ suggesting that with these physiological cofactors more phosphorylat- 
ing sites w'(*re operative {cf. Fig. 2 with Fig. 3). 

Tile stepwise interaction of an electron, ‘'activated’' by light, with the intermediate 
electron acceptors in chloroplasts or chroma tophores constitutes the energy conversion 
proce.ss in photosynthetic phosphorylation. Because of the ^yclic path traveled by 
tlu' "activated” tiectroiis we have named this type of photosynthetic phosphorxdation 
cyclic photo [^liosJyhnyylation^^-''*\ In cyclic photophosphorylation electrons tlow' from 
chlorophyll to a Vcilaclor, from the cofactor to cytochromes and from cytochromes 
bac k to chlorophyll. During tiiis cyclic flow of electrons the physiological electron 
carrit'i's pri'sent in the pholosynthetic particU's und(‘rgo oxidation -reductions that are 
('oupl(‘d to phosphorylation reactions wdiich produce ATP. 

'i'hi* proposc'd nuchanism for cyclic photoplif'sphorylation may be divided into 
, three ])hases : (a) the light-induced generation of endogenous electron donor and endog- 
enous elc'ctnin accej tor (h) electron transport from the donor to the acceptor via a 
photosyntlu'tic election transport chain and (c) phosphorylation reactions coupled to 
(Section transport. Phases (/>) and (c) are analogous and possibly identical in some 
res])e('ts with their counterparts in oxidative phosphorylatio;i whereas phase (a) is 
peculiar to photosjTilhetic phosphorylation. 

5. EVIDENCE FOR EI-ECTRON FLOW' .MECHANISM IN ( YCLIC PHOTOPHOSPHORYLATION 

I'he validity of tlu* proposed mechanism for cN'clic photophosphorylation is supported 
by several lines of (w ideiice w'hich have been discussed elsewhere^s.i. They w’ill be 
briefly reviewed here. 

In the absence of chloritle, isolated chloroplasts lost their ability to evolve oxygen®^ 
but retained the capacity for anaerobic cyclic photophosphoryiation65»59»i. Without 
chloride, isolattnl chloroplasts behaved like bacterial chromatophores : their photo- 
chemical activity w'as limited to anaerobic cyclic photophosphorylation. 

In tht* absence of chloride, c\’clic photophosphorviation itself w'as ibolished, both in 
^ chloroplasts and chromatophores, w'hen the lectrons generated in the primary 
: photochemical act were tra]iped by ferricyanide, and in this manner were prevented 
. from completing the cyclic electron path that is cou]ded with ATP formation «5»59.i 

Tlu! important role which w'e assign to cytochromes as electron carriers in photo- 
"Jphosphorylation is .supported by a number of investigations in other laboratories 
•I{lit(Tature reviewed in refs.®®*') and by the evidence illustrated in Figs. 4 and 5. Fig. 4 
;|show's successive oxidation of Chtomatium cytochromes in light and reduction in the 
\|dark, in the same cell-free preparation. 

Under the experimental conditions in which the Chrofvatiuni cell-free system W'as 
^^eferences p. 42I43 
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investigated, the light-dark reversible oxidation -reduction reactions were sufficiently 
decelerated to be conveniently measurable with a recording spectrophotometer at 
room temperature**®. 
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Fig. 4. Succc‘Ssivt* oxidation l)y liglit and reduction in the 
dark of cytochroiiu\s in C(‘ll-frn' preparations (d'f .V/ro//////;//;/?. 
The reaction inixturi‘ included in a final volume of 3.0 ml, 
cliromatophorcs(l*l containing o. oh mg haclcriochlorophyll 
and supernatant fluid (S) corrcspoiuling to 0.5 mg bac- 
t<‘riochiorophyll. A small amount ol Na-jS-jf )| was previously 
added to S, which was tlicti dialv/cd against o.j M tris 
buffer. pH 7.1S. prior to use. rhc‘ reaction was carri<'d out at 
room temperature. Gas phasi* argon. Difference spectra, 
using the clark trt‘atmentas control, were maile in Thunbeig 
type cuvettes, with a ( ary nrording spectropludoineter 
Illumination was by a tungsten lamp (35.000 Lu.\). (.\ozaki. 

Ogata and Arnon''»T 


Chance and Xishimura®' have recenth' found that, in wliolt* Chrnmutiitni cells, a 
light-induced oxidation of (‘vtochrome ( •.» is ind(*pendent of temptMiitiin*. Further- 
more, Arnold and Clayton®’*, on illuminating bacterial chromalophon^s, observed tern- 
perature-indopendent (I'K to jeodv) reversible spc^ctral changes near tlu' absorption 
bands of bacteriochlorojdivll. These findings accord with the main postulati‘ of our 
tht‘ory®** that the primary photochemical act in photosynthesis consists of t‘lectronii' 
excitation anil is thus independent of a thermal reaction. 

Fig. 5 shows that the dark reduction of bacterial cytochromes, pre\'iously oxidi/ed 
by liglit, was accelerated by vitamin K, the cofactor of cyi lii' photophosphorylatioii 
that is effective in bacterial photophosphorylation with aged chrornatophores (see 
ref.*, Table 2). Vitamin K was effective as an electron carrier when added either in its 
oxidized (sitamin Ka, 2-methyl-i,4-naphtho(juinoiie) or reduced (vitamin K.-i, 
2-methyl-4-amino-i-naphthol hydrochloride) form but its effec tiveness depended on 
the presence of chrornatophores. Without chrornatophores, using a purified cyto- 
chrome a hundred-fold greater concentration of reduced vitamin K was r(’(|uired 
to reduce the oxidized cytochrome. 

(). CYCLIC PHOTOPHOSPHOUVLATIOX AS PKIMI'IIVK l»HOT()SY*YrHKSIS 

The photophosphorylating system is structurally bound to clilorophyll in the smallest 
particles that function a.s units in the absorption of liglit energy, i.e. the chromato 
phores of bacteria and the grana of the chloroplasts. The close structural as.sociatioii 
of the yhosphorylating activity with the chlorophyll pigments suggests that the 
liarnessing of light energy in photosynthesis is more closely associated with ATF 
formation than with CO2 assimilation. The enzymes responsible for (T)* assimilation 
are easily dissociable from grana in the case of chloroplasts^ ^ and not even struc- 
turally joined together in the case of baclf?rial chrornatophores®^*®®. This is in agret 
ment with the view®®, that in the course of biochemical evolution, photo.syntlp 
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, sis first emerged as a process for converting light energy into ATP and this "primitive'' 
V photosynthesis became only later a process linked to CO2 reduction. 

In the conventional view of photosynthesis, the chemical energy formed by the 
conversion of absorbed light is always used for the reduction of CO2. The case of 
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Fig. 5. Fffcct of vitamin K and oIIut cofactors on the reduction of cytochromes C2 in cell -free 
preparations ol Chromatiiiw. The c\ tochromes were oxidized by ]»revious illumination (cf. Fig. 4). 
The n'action ini.xture included in ci final volume of 3.0 ml, dialyzed cell-free suspension (PS) 
containing o.ob mg bacteriochlorophyll, 0.02 //moles of purified cytochrome Ca and 0.03 //moles of 
the rcspi'ctivc cx)factors. Diffenuicc in o]>tical dt*nsity was measured in a Beckman DU spectro- 
photcjineter with an attached photomultiplier using as controls cuvettes, with the respective co- 
fac tor omitted, in each case (Nozaki, Ogata and Arnon***). 

cyclic photophosphorylation being a "primitive" photosynthesis in the evolutionary 
sense, would therefore be strengthened, if an example could be found today of a 
photosynthetic organism in which the only contribution of light to carbon assimila- 
tion was the formation of ATP. 

Two such cases of photosynthe.sis in Chromatium have recei.dy been described by 
Losada et In one case the sole source of carbon was acetate and in the other, 
C()2. The photoassimilation of acetate occurred in the absence of an e.xternal hydrogen 
donor whereas in the photoassimilation of CO2 the reductant was exogenous hydrogen 
gas. The sole contribution of light in both cases was the formation of ATP. 

The experimental substitution of ATP for light was considered particularly 
significant because it was found in such photo.synthetic bacteria as Chrotmimm, that 
are unique in the living world in being strict phototrophs. Chromatium, unlike, for 
example, Chlorella or photosynthetic bacteria of the genu.s Rhodospirilhim , cannot 
replace its light-dependent mode of life by a heterotrophic, aerobic metabolism in the 
dark’»-’ 3 . Chromatium grows only in the light and being an obligate anaerobe, 
does not provide an alternative way for forming A 1 P by the mechanism of oxidative 
, phosphorylation. 

As regards the photoassimilation of acetate in another photosynthetic bacterium, 
■the facultative anaerobe R. riibrim, a similar view that the contribution of light is 
^limited to cyclic photophosphorylation was recently expressed, on the basis of inde- 
^pendent evidence, by Stainer, Doudoroff, Kunisawa and Contopoulou’*. 

I In certain circumstances, ATP formation may be the sole contribution of light irt 
^the photosynthetic process, not only in bacteria but also in higher plants. We have 
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suggested elsewhere®* that in green plants cj'clic photophosphorylation may continue 
forming ATP when CO2 assimilation is, for one reason or another, reduced or even 
stopped altogether. This might arise during the well-known midday closure -of 
stomata in leaves of higher plants^-*-’® which restricts the supply of COa. The closure 
of stomata often coincides with an abundance of starch and an incipient water deficit 
in the photosynlhesizing cells. Under these conditions cyclic photophospdiorylation, 
which con.sumcs neither COa nor water, would be a useful device for g(*nerating ATP 
to drive the many ATP-di>pt'ndent reactions, notably the synthesis of polysaccharides, 
pjrotcins and fats. 

These theoretical dciluctions for higher jilants have recently received experimental 
support from the work of Maclachlan and Porter'®. Tlu'y re])orted the first known 
instance of utilization of light energy in leaf tissue for the synthesis of starch from 
labelled glucose, under conditions when ('Oa a.ssiniilation was excluded but cyclic 
p)hotophospjhorylation could p>roceed. 

7. THE I’HOTOUEDUCT.VXT IX R.\( TEKl.V 

In the examples of ■■primitive” pihotosynthesis cited above, tht' only contribution 
of light was the formation tif .\TP. The second reepuirement for carbon assimilation 
that was di.scussed earlier, a supipdy of DPNHa or TPNHa. was in the sinip)lest cast* 
met by the inclusion of hydrogen gas. Photosynthetic, as well as other bai.teria can 
use molecular hydrogen for reducing pn ridine nucU'Otides in the durk, llms pmn’iding 
the DPNHa (or TPNHa) that is needed for carbon assimilation (c/. ref.*). 

Although pihotosynthelic bacteria when supplied with hydrogen gas do not reciuire 
light energy for the piroduction of DPNHa (or TPNH-a), a different situation arises 
when photosynthetic bacteria are grown with .such hydrogen donors as for I'xamptlc, 
succinate or thkjsulfate’®-''. These hydrogen donors cannot reduce directly DPN (or 



Fij?. 6. Kt‘ducti()n of Chromafiuni cytocliromcs 
l>y ihu>suHato in a cr!Ffr«T system. Reaction 
mixture inc\u<\t‘d, in a final volume of 3.(1 ml of 
0.1 M Tris buffer, pH 7.S, cliromatophores (P) 
containinf' o.i bactenochlorojjliyll and 

suptrrnatant fluid (S) corresixindin^ to 0.3 miif 
hacteriocbli/rophyli jo /inioles of 
wore added to one of a pair of Thunltrrff-tyjjt* 
cuvetR'S and the resulting difference spectrum 
was measured in a (.'ary spectrophotometer 
after 20 min at rf»om temperature. CVas phase, 

, 'No-c.aVd , and \r non’ ) . 
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Fig. 7. Keductimi t>f cyfocliroines 

by succinate in a ci'll-iree system. Reaction mix 
ture included, in a final vrjlunu* of 3.0 ml of o.*’ 
M 'I ris buffer, pn 7.8, chromatopln>res (F) con- 
taining 0.0b mg bacteriochlorophyll and super- 
natant fliiifl (S) ffirresponding t{» o.j mg hue 
t(*rio(;hlon)phyll. 10 /imolrs of succinate \vei« 
added to one of a pair of ciivrtfes and tfj 
resulting difference speetruin was measured i 
a Cary spectrophotometer at the indicated tiin- 
intervals (No/.aki. < >gata, and ;\rnoii®*). 
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TPN) in the dark because the hydrogens or electrons which they donate have an 
insufficient reducing potential. 

Additional energy is then required to bring about the reduction of DPN (or TPN) 
and, in a photosynthetic mode of life without oxygen that is characteristic of photo- 
synthetic bacteria, this additional energy must come from light. If the electron flow 
mechanism is fundamental to the conversion of liglit into chemical energy, how can it 
apply to th(^ photoreduction of pyridine nucleotides by thiosulfate or succinate? 

? The answer to this question came to us from recent experiments which demon- 
strated a reduction of bacterial cytochromes by thiosulfate and succinate. That 
cytochromes in photosyntludic cells are oxidized by light has been known from the 
work of H. Lundegardh in Sweden. L. N. M. Duysens in Holland, and B. Chance and 
coworkers in Idiiladelphia. Now we find that oxidized cytochromes are reduced by 
thiosulfate or succinatc! (Figs, b and 7). In this manner electrons donated by thio- 
sulfate and succinate are transferred via cytochromes to chlorophyll and there raised 
at the expense of light energy to a reducing potential eciiial tc* that of molecular hydro- 

gen^**-77^ 

Th(* cytochivme systems in photosynthetic bacteria is thus a gateway through 
which electrons ol a relatively low reducing potential enter and are ‘'activated" i.e,, 
raised to a higher reducing jiotential at the expense of the energy of absorbed light. 
The fate of these "activated" electrons is diffcTent, however, than in the cyclic route. 
Tlu'V are instead transferred by a "iioit-cyclic" (‘lectron flow mechanism to an 
external acceptor, of which three have been identified in parallel experiments: 
nitrogen gas, pyridine nuc leotides, and protons. Preliminary evidence indicates that 
this non-cyelic (‘lecuon flow is coupled with the formation of ATP (Fig. 8). 

W'e found that the transfer of "activated electrons" to molecular nitrogen results in 
a photo-fixation of nitiDgen gas — a n'sult which we hax c' now vcTified with isotopic 
nitrogen’”.?**, cj. refs.”*^-^L In a parallel case, the transfer of ":u'tivated” electrons to 
lUTidiiK' nucleotides resulls in tlu‘ photoreduction of DPN . nd In still 

another case, the transfer of "activated" electrons to proton.'^ results in the photo- 
juodiiction of hydrogen gas^-^*”'*. In all three cases thiosulfate or succinate is the 
eli'ctron donor. A coiLsecjnence of these electron transfer reactions is the oxidation of 


thiosulfate to sulfate and succinate to fumarate”*^. 

In summary, there is i‘xp(*rimental evidence for a non- cyclic electron flow in bacte- 
rial photo.synthesis that supplements the cyclic electron flow mechanism which pro- 
duces only ATP. The non-CN clic eh ctron flow mechanism produces, without depend- 
ing on a photolysis of water, electrons at a reducing potential at least equal to that of 
molecular hydrogen, \^'e conclude that hydrogen gas is evolved in light when the 
"n^ducing" electrons become "surplus" because the\ are not consumed in metabolic 
reactions as, for example, in the photofixation vf nitrogen gas or in the assimilation of 
COo by forming reduced pyridine nucleotide. 


8. NON -CYCLIC PHOTOPHOSPHORYLATION IN t:HLOKOPL.\STS 

We have seen that photosAmthetic bacteria can reduce pyridine nucleotides in photo- 
synthesis, either with molecular hydrogen in the dark or w-ith certain electron do- 
nors, inorganic or organic, in the light. Green plants depend unconditionally on light 
for reducing pyridine nucleotide in photosynthesis because they use water as the 
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electron donor. The reduction of pyridine nucleotides with electrons donated by 
water requires a considerable input of energy which in photosynthesis is supplied by 
light. 

As was mentioned earlier, isolated chloroplasts can reduce TPN in light with an 
accompanying evolution of oxygen. The relation of this reaction to photosynthetic 
phosphor\'lation seemed remote at first but recently, it was found to be very direct®^'®®. 
In the presence of ADP and inorganic phosphate, the photoreduction of TPN and 
oxygen evolution was coupled with the formation of ATP, in accordance with Reac- 
tion 2. 

i TPN f 2 ADP , J P + 2 HaO > 2 TPNHa f <>3 j 2 ATP (2) 

A similar photophosphorylation was observed w’hen TPN was replaced by the non- 
physiological Hill reagent, ferricyanide®*-®®. With either TPN or ferricyanidc the rate 
of oxj'gen evolution is greatly increased when it is coupled with phosphorylation. 
The conventional Hill reaction could thus be viewed as an uncoui)led photophos- 
phorylation, j.t’., a photochemical electron transjwrt that is proceeding without its 
normally associated phosphorylation reaction®**®®. 

The novel features of this new photophosphorylation reaction were first, that its 
ATP formation, unlike any other known phosphorylation, was coupled with an 
a'olution of oxygen. Second, contrary to an analogy with oxidative phosphorylation, 
ATP formation resulted not in the ultimate oxiilation but in the reduction of jjyridine 
nucleotide. 



I'ig. 8. Scheme for non-cyclic photophospho- Fir. o. Scheme* fur n<)n-cycli( ph(>tophiisj)h<i- 
rylation in Chromatium. Details in the text rylatum in chloropla.sts. Details in the text. 


The mechanism of this reaction is visualized as a modification of the non-cyclic 
electron flow mechanism in photosynthetic, bact(^ria to a stagt; at whi'di water is the 
electron donor. The electrons from water retluce the cytochrome of chloroplasts that 
has been oxidized by light. We suggested that this is accomplished by an interaction 
between hydroxyl ions (or water) and a cytochrom<' comjK>nerit peculiar to the 
photosynthetic apparatus of green plants and absent in photosynthetic bacteria®®**. 
This reaction is visualized as being possibly an "anode”-type reaction, in whudi 
OH" ions yield molecular oxygen anti donate electrons, via a cytochnime chain, to 
chlorophyll where they are raised at the expen.st; of absorbed light energy to the 
reducing potential required for TPN reduction. The formation of A'PP is coupkxl 
with the oxidation of cytochrome. A corollaiy of the .scheme? is that water, though 
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not undergoing photoh^sis, is still the source of the oxygen evolved in photosynthesis 
by green plants (Fig. g). 

The proposed reactions leading to oxygen evolution appear to be thermody- 
namically feasible. The energy contribution of one einstein of red light, about 43 
Kcal., is equivalent to a potential of i.gV per faraday, and is sufficiently large, after 
making allowances for I'PN reduction and ATP formation, to endow a chlorophyll- 
linked cytochrome with a redox potential more oxidizing than o.Si^V, as is needed 
for oxygen evolution. However, no cytochrome having such properties has yet been 
demonstrated in chloroplasts. 

In our present state of knowledge, the proposed mcichanism for oxygon evolution 
must remain tentative. The possibility is not excluded that the transfer of electrons 
from OH “ to cvtochromc's may re([uini an additional input of energy. 

An important link in the chain of evidence connecting the photosynthetic events 
with the dark assimilation of COo in chloroplasts was provided by experiments show- 
ing that both cyclic (Fig. 2) and non-cyclic photophosphorylation (Fig. g) were essen- 
tial”. riie ATP formed in non-cyclic photophosphorylation alone is insufficient for 
th(‘ assimilation of fOo to the level of carbohydrates. Additional ATP must be supplied 
by c\'('lic photophosphorylation-Lio. It is assumed that the intact cell has suitable 
regulatory rnec k.yd^ms for keeping cyclic and non-cyclic photophosphorylation in 
balance. 

g. ()XV(iKN-C.VTALVZi:i) CVCLIC PHOTOPHOSPHORVL.VnoN 

The mechanisms of pliotosynlhetic phosphorylation in chloroplasts discussed thus 
far include anacaobic ('vclic photopliosphorylat\)n (Fig. 2) and non-cyclic photo- 
phospliorvlation (Fig. ()). Recent work suggests the operation in chloroplasts of a 
third mechanism, an oxygen -catalyzed cyclic photophosphorylation®^. 

As wjis already dis( ussed above, we envisaged a catal\'tic role for oxygen in explain- 
ing the first experiments on pliotosyiithetic phosphorylation, in which the presence of 
oxvgen was n'(juin‘d but no oxygen consumption was obser^'••■l -. Intc'rest in the role 
of oxygiMi was heightened when .sewral laboratories reported recently that at low, 
‘hnicro-catalytic” concentrations of FMN or vitamin K pliotophosphorylation 
remained depend(Mit on oxygen””"'**. 

From the standpoint of cellular physiology it was interesting to contrast the role 
of oxygen in ATP formation in photo.synthesis with that in respiration. The partici- 
pation of ox\'g<*n as the t(Tminal electron acceptor in oxidative pho.si)horylation has 
conferred a markerl superiority on respiration over fermi^ntation, in the efficiency of 
converting the free energy of substrate into the energy of the pyrophosphate bonds 
of ATP. Was th(; effick*ncy of conversion of light energy into ATP also increased 
by the prisence of oxygen ? 

Present evidence indicates that, in contrast to o ddative phosphorylation, the 
intervention of molecular oxygen in photosynmetic. phosphorylation is an energy- 
wasteful step that lowers the efficiency of the anaerobic cyclic pliotophosphorylation 
process when light is limiting. The participation of oxygen may increase the overall 
rate of pliotophosphorylation in isolated chloroplasts only when light is abundant and 
phosphorylation is limited by a low concentration of cofactors^. 

On the basis of I'vidence now available, the participation of oxygen as a catalyst in 
cyclic photophosphorylatioii is represented by the diagram in Fig. 10. The proposed 
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mechanism, in which oxypen acts catalytically, pro\'ides for an exchange between 
molecular oxygen and the oxygen of water and is in agreement with exchange 
data recently reported by Nakamoto and Vennesland*" and Jagendorf**. It appears 
that oxygen, when present in a system catalyzed by either FMN or vitamin K, is able 
to compete effectively with cytochromes for the electrons of cyclic photophosphoryl- 
ation. Once the electrons are accepted by oxygen and form water, the cyclic pathway 
can be maintained only by a release of electrons in the oxygen-forming read ion of non- 
cyclic photophosphorylation in chloroplasts (Fig. o). Hy contrast, phenazine metho- 
sulfate catalyzes the transfer of electrons to c\-tochrome. so effectively that it is able 
to prevent their “escape” to oxygen and hence the phenazine mt'thosulfate pathway 
remains an “anaerobic” one, even when oxygen gas is present (c/. ref, "“I. 



Fig. lo. Schi'ni*' for i)syj;(‘n-catalvml ryrlir pliotophosphorylation in (:lilaro|>lasls Dct.iiN in 

the 


lO. PHfiTOSYNTHETIC l'H()SI»HOI<VI..VI U)X ,\NI) MI( Al. KVoI.l’ I'lo.V 

The imsight into the mechanism of photosynlh'sis. g.iined from Ihe discovery of 
photo.synthetic phosphorylation, permits us t(» interpret, with Momewhal enhanced 
confidence, certain aspects of biochemical evohition. 

The beginning of photosynthesis may be viewed as an emergence of a porph\ rin 
that gav'e rise to chlorophyll and permitted tlu- cell to use for metabolic purposes the 
energy of sunlight. This primitive photosynthesis consistc*d only of anai-robic cyclic 
photophosphorylation. This would be the case, for example, with such rc'duced carbon 
compounds as acetate that might have been present in the primitiv<; environment. 
WTien COg became the source, of carbon no photochemically formed rcfductant was 
required as long as hydrogen gas was present in th<’ atmosphere. Oparin**’ and Miller 
and Urey** have summarized the evidence that in the (*arly periods of evolution of 
life forms, the environment contained simple carbr>n compounds such as acetat«‘ and 
hydrogen gas. This primitive t ypr^of photosynthesis is still seen today in pliotosynthe.t- 
ic bacteria. Chrmnaiiitm, for example, is still capable of using molecular hydrogen 
for reducing in the dark the pyridine nucleotide that is needed for ('O3 ;issimilation or 
of photoassimilating acetate without the aid of external reductants. 

The harnessing of light energy for the synthesis of ATI* was an event of suprena' 
importance to the cell. It provided the cHI, in an anacrohic «iivironment, with a 
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much more efficient mechanism than fermentation for the fonnation of ATP, which 
is the universal cellular “energy currency” needed in the transformation of existing 
carbon compounds, into fats, carbohydrates, proteins, etc. Cyclic photophosphoryl- 
ation gave the anaerobic photosynthctic cell a mechanism which in efficiency of 
ATP formation is comparable with the process of oxidative phosphorjdation in 
aerobic cells, that followed it later in the evolutionary scale. 

From the point of view of biochemical evolution, one of the most interesting find- 
ings in cell-free photosynthesis was that higher, aerobic, plants have retained to this 
day the anaerobic cyclic photophosphorylation as a mechanism for making ATP while 
sharing with other organisms in the ar(juisition of the process of oxidative phos- 
j)horyl.Ttion by mitochondria. 

Photosynthesis in Chromatium demonstrates that, in the absence of liydrogcn gas, 
primiti\’o photosynthetic cells generate electrons with a reducing potential equal to 
molecular hydrogen, from inorganic or organic electron donors such as thiosulfate or 
succinate. Fight energy now serves a dual purpose. It supplies ATP by cyclic photo- 
phosphorylation and it provides electrons for reducing pyridine nucleotides. 

I'inally, in the most advanc'-d typ(^ of photosynthe.sis, found in green plants, water 
became the electron donor. Here the function of light was again to provide ATP but 
also to raise , ’..' jtnjns from water to an energy level high enough for the reduction 
of I'PN. Only in the last case, when water became the. electron donor, did oxygen 
e\ olution fonn an inseparable jiart of photophosphorylation in chloroplasts (Fig. g). 

N'on-cyclic photophosphor\lation enabled gre<*n pliuits to form a CO2 reductant 
at the cxpen.se of light energy with the aid of an ubiejnitous substance, water, and in 
this way to invade and live autotrophically in areas devoid of reduced sulfur com- 
pounds or of other electron donors of restricted distribution. 'I'he resultant prolifera- 
tion of plant growtli on the surface of the earth was responsible for releasing to the 
atmosphere the oxygim, locked in the water molecule, by the only known important 
mechanism capable of accomplishing this, phot o.syn thesis of green plants. 

Om:e molecular oxygen became a\ ailable. tl.e way w,vs open for biochemical evolu- 
tion to progre.ss toward aerobic metabolism. The ox\-gen-inu pendent cyclic photo- 
phosjdiorylation by chlorophyll-containing particles could now be paralleled by an 
efficient biological utilization of the energy of chemical substrates through the mecha- 
nism of oxidatix'c phosphorykition of mitochondri.i. Photosynthesis of green plants 
now proviiled both the substrates ami oxygen to make oxidative phosphorylation 
and aerobic life on this planet ])os.sible. 

II. ENERGY CONVERSION CONCEPT IN PHOTOSYNTHESIS 

The concept of photosynthesis which emerges from the discoverv of photosynthetic 
phosphorylation differs from the conventioral view of photos' nthesis that it is 
mainly a proce.ss of CO2 as.similation. Photosynthesis appears to be first and foremost 
a process for con^'erting sunlight into chemical energy and this conversion is more 
directlN’ a.ssociated with phosphorus than with carbon assimilation. I'he trapped light 
energ\' is first con\’erted into A'l'P and reduced pyridine nucleotides and then may 
be used by the ceil for assimilation of carbon, nitrogen, phosphorus or sulfur com- 
pounds or for any other ( .>erg>'-rcquiring cellular activity. Photosynthesis may now 
be defined as the synthesis of cellular substances at the exjiense of chemical energy 
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formed by photochemical reactions. This definition includes, but is not limited to, CO2 
assimilation. 

The photoa.s.similation of acetate hyChromalinm is a case of pliotosynthesis without 
either oxygen evolution or CO2 reduction. So is the light-dependent conversion of 
gluco.se into starch. In the conventional view of photosynthe.sis this stati* of affairs 
would be a contradiction of terms, but according to our present concept these ('.\am- 
ples represent photosynthesis because they involve biochemical syntheses that are 
being driven by light energy after light has been conwrted by the cell into ATP. 

In this view of photos\'nthesis, CO2 assimilation, although quantitatively the domi- 
nant form of photo.synthesis on our planet, is fundamentally only a special case of the 
use and storage of light energy. C()2 assimilation propi'r, in both gret*n plants and 
photosynthetic bacteria, consists exclusively of dark reactions that are not peculiar to 
photosynthesis. The familiar accumulation of carbon compounds as carboh\’drates 
during photosynthesis in green plants constitutes storage of trapped light energy. The 
first products of photosynthesis in green plants. ATP and TPNH2. are present in the 
cell only in small, catalytic amounts and cannot be stored to any api)recial)le degn-o 
for future use. The main storage products of trapped light imergy that sustain life on 
our planet are carbohydrates, fats and proteins. 
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THE EFFECTS OF LONG VISIBLE AND NEAR INFRARED RADIATION 

ON PLANTS 

H. MOHR 

hislilutf for Botany, Umversily of Freiburg i.Dr. (Germany) 


This paj)er is do\’oted to photochemical reactions other than photosyntliesis which 
must occur in plants to enable “normal” growth and dex’elopment. This inter- 
esting field of photobiology which we call “photomorphogenesis” (that means: the 
non-photosxTithotic control of plant growth and fle\'elopment by light) has Ix'en 
intensely investigated during the last <S to lo years. Tlu* results of tlu'se recent investi- 
gations are fully as fascinating as the recent results in the field of photosynthesis. I 
shall try now to prest^nt a kind of condensed summar\'. 

First we have to point out a basic difference between photosynthesis ami plu)to- 
morphogenesis. In photosynthesis radiant energy is convert<'d into chemical energy. 
In photomorphogenesis the photoi'hemical reactions have a controlling, or regulating 
function. They do not supply the metabolism with energy but they regulate in a 
.specific W'ay — which is determined by the cell’s organisation -the metabolism of 
the cells and of the organism. This is the reason why in many ca.ses a rel.iti\’ely small 
quantity of photomorphogenically' effective radiation will produce drastic effects. 

The phenomena of photomorphogeneMs demonstrate that in many plants [)hoto- 
chemical reactions occur — independently of j^hotosvnthesis ■ as a result of elec- 
tronic excitations of pigment molecules. These photoclH'inical reactions finally result 
in dra-stic changes in growth and development. With regard to the complex mechanism 
of photomorphogenesis we arc able to ask tlu* following (piestions; What type of 
pigment absorbs the effective radiation, what kinds of j)hotochemical nnictions occur, 
and what are the cau.sal relationships between the photochemical reactions and the 
final photoresponses which we can easily observe (for instance, light-induced gn^wtli 
of the cotyledons of a seedling). This is, of courst*, a tremendous complex of (pu'stions 
and unfortunately we cannot answer many of them, but we do know at least a little. 

In earlier years it was generally ac»'(‘pted that e.ssentially only short wavelength 
visible light, the .so called “blue light” was photomorphogenicalh’ effective. It was 
stated in practically all textbooks on plant physiology that onlv blue light can pro- 
duce the “normal” ap|)earance of white-light-grown plants. In other words: only blue 
light can act like white light. • - \\'e know toflav that this concept is completely wrong, 
for visible light of long wa\'elength can also be highly effective in photomorphogenesis. 
\V e have learned that many plants jjoswss several phot{)morphogf‘nic reaction systems 
and that both short and long wavelengths can influence the growth of plants, at least 
in the case of jjotentially grc'en plants. The predominance c»f one c»r another of these 
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systems depends on the physiological state of the plant and on the time, length and 
intensity of the irradiation. 

And now we shall try to make a few statements on the effect of long visible and near 
infrared radiation on plants. The photomorphogenesis of the potentially green plant 
is controlled by several photoreactive systems. We .shall concentrate first on one reac- 
tion system which is very important for the plant and which is the best known at the 
moment. I mean the “reversible red, far-red photoreactiv’e system”. The pigment 
.system involved is the so-called “red, far-red pigment system”. It is - ■■ as we know 
today — distributed in the plant kingdom in a similar way as chlorophyll (namely 
among the potentially green plants) and it has an importance as basic for photo- 
morphogenesis as that of chlorophyll for photosynthesisi-®-!-. 

The essential features of this reversibl<; red, far-red system may be briefly illustrated 
by using — in a simplified manner the classical example of induction of germi- 
nation b\’ light. Lettuce seeds of a light-sensitive variety are sown on a suitable 
mc'diuin at 25" and kept under white fluorescent light. After 24 hours all .seeds have 
germinated. I f you place the seeds in darkness after sowing practically no germination 
occurs. The .seeds are obligate “light germinators”. It can bo shown that even a short 
illumination of the imbibed seeds (c.f . a few minutes with white fluore.scent light of 
medium intensity'' ran induce gci minatiou. If one p)laces the seeds in darkne.ss after the 
light flash, co'mjilete germination occurs. One can determine now the action spectrum 
of this induction of germination (that means, the relative efficiency of the different 
parts of the .spectrum). The re.sults show that essentially only radiation between 550 
and 700 m^f can induce germination. Radiation around (>60 m/i is the most effective. 
We call this spectral range between 550 and 70L m/i “red”. Radiation above 700 m^ 
does not induce germination. At fii"st sight it seems that this radiation is without 
effect. But if you induce 100% germination with red light and then irradiate imme- 
diat<*l\' after the rod with a wave length above 700 m[i, for instance 730 mfi, no germi- 
nation occurs. In other words, the inductioti of germination by red can be nulhfied 
by a sub.sequent irradiation with the wave length 730 m//. The induction of germi- 
nation with red is thus “reversible”. If we determine the 1 tion spectrum of the 
reversing effect, we find radiation between about 700 and 800 m^ effective. The highest 
efficiency is around 730 m^u. We call this spt'ctral range between 700 and 800 mju 
“far-red” in spite of tin* fact that the longest wave lengths of this range arc no longer 
visible. 

I repeat the principal results at this point of the discussion; We can induce the 
germination of lettuce seed with red and we can reverse this induction by imme- 
diately following with far- red. Following the far-red with red again results in 100“ „ 
gennination - ■ - and so on. In short, germination or inhibition of germination is 
determined by the typo of radiation (red or far-n'd) which has been applied immediately 
before the seeds are put into darkness. 

The short wavelength \-isible radiation below 550 m/i is relatively ineffective, com- 
pared with red or far-red. We can neglect this spectral range in our present consider- 
ation.s. 

During the last few years it has been shown that this “reversible red, far-red reac- 
tion system” not only plays the deciding role in seed or spore germination but it has 
been found that this syste.n is involved in a great number of photoresponses among 
potentially green plants from the algae, mosses and ferns up to the monocotyledons®*^*. 
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In all cases one can induce a photoresponse (for instance the enlargement of the leaves 
of a dark grown seedling) by red and one can nullify this induction by immediately 
following with far-red. In several cases the action spectra of the red and of the far-red 
action have been determined. The corresponding action sjJt'ctra are very similar in 
spite of the fact that they have been worked out with very different organisms, for 
example cells of algae, spores of ferns, etiolated cotyledons or leaves of adult, green 
plants*>*2«i^. 

The practically universal occurrence of the reversible red, far-retl reaction system 
among potentially green plants can be simply explained by the assumption that the 
same reversible red, far-red /iigmenl system occurs in cells of all those organisms 
which demonstrate this reaction mechanism. You find a generalized formula for this 
reversible pigment system in Fig. i. A pigment with the absorption peak in the red 


reil 

Pr Pfr >• photoresponsc 

far-red 

Fig. 1. A generalized formula for the reversible red. far- red pigment system. 


which we symbolize by /V can be transformed by an irradiation with red into a pig- 
ment Pfr which has its absorption peak in the far-red. By absorbing far-red (pianta 
the excited Pfr can be transformed back into Pr. Pfr is the physiologically active* 
form of the reversible pigment system. It is probably an enzyme, (he function of 
which in the metabolism of the cell finally leads to the photoresponsi;. The name 
“phytochrome” has been given to the reversible red, far-red pigment system. 

The photobiological experiments of recent years which have been perfortned with 
modem equipment and with much experimental skill led to excellent rt>snlts which 
allowed a well-founded physico-chemical theory of the reversible red. far-retl pigment 
system solely on the basis of physiological data--^. 

However, for a long time, it was impossible to isolate the pigment system by 
physico-chemical means. The concentration of this pigment sy.stem in vix'o is extremely 
small in spite of the fact that it (.*xerts a very strong influence on growth and develop- 
ment of plants. During the past year the well-known photobiological team at Belts- 
ville in the United States has been able to obtain the reversible red. far-red j)ignu‘nt 
system in cell-free solution and to observe with aid of new instruments — the 
reversible transformation in vitro and in vivo*. It is, undoubtedly, only a (luestion of 
time till we know more about the chemical nature of the pigment. It is a triumph of 
photobiology that the pigment system, the photochemistry of which can now be 
studied in vitro and in vix>o is characterized by exactly those properties which were 
predicted years ago (especially by H<*ndiicks) on the basis of the physiological data 
(for instance, it is a reversible chroinoprotein ; the photochemical reactions in both 
directions arc of first order; Pr is stable in darkness, /'/r changes to Pr slowly in 
darkness at room temperature while at 3'’ there is no transfornration in darkness; etc). 

At normal temperatures (for instance, at 25^') and in darkness the pigment system 
is predominantly in the form Pr. We can assume, as we mention«!d already, that Pfr 
is the “physiologically active” substance. The chrombprotein Pfr is apparently an 
enzyme. The enzymatic effect, the final consequence of which is the photorespon.se, 
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continues as long as Pfr is present. When Pfr is transformed into Pr the enzymatic 
effect stops. We must imagine that the function of Pfr in the cell leads to a basic 
change in the cellular metabolism. But now it depends on the specific differentation 
of the cells and tissues which final photoresponse results. The practically exclusive 
presence of Pr in the cells is correlated 'vith the etiolated appearance of the plant. 

Let us consider a dicotyledonous seedling, for instance a mustard seedling, in Fig, 
2. All the photorespon.ses in Fig. 2 can be induced by red, and in all cases the induction 



OpciiiiiK of tlu* plumurar hook 
Inliibition of lupocotyl lengthening 
Hair formati<m along the? hypocotyl 
Increase of the negative geotropic reactivity 

I'ig. 2. (left) A schematic rt»preseiitation of a dark-grown seedling of mustard (Sinapis alba L,.). 
3 days after germination and (right) a corresponding light-grown set^dling. All observable photo- 
responses can be induced by red, and in ail cast's the induction can be reversed with far-red. 


can be rc^•erst•d witlj far-red®”"-'^’. In other words, all photoresponsos are results of the 
formation of Pfr in the cells of the seedling. The qualitative!;’ quite different responses 
of the different organs of the seedling as a con.se(]uence of the same photochemical 
reaction have to do with the “specific differentiation” of the cells which compose the 
different organs of the organism. Tliis "pattern of differentiation” is determined by 
the genotype of the plant and is built up in the course of the development of the secd- 
ling. 

Besides the rever.sible red, far-red reaction system which can be demonstrated 
physiologically with only a small amount of effective radiation energy and which 
we therefore call a “low-energy reaction”, another pl-.ysiologically important photo- 
reactive system has lieen found in recent years®- Apparently this second system 

is of groat importance for photomorphogenesis of the potentially green plant under nat- 
ural conditions of^ radiation. In many cases (for instance with Sinapis alba) the func- 
tion of this second reaction system leads to the same photoresponses as the action of the 
reversible red, far-red system**. In this case of synergism both systems can be separated 
physiologically only with lifficulty. But recently we investigated photoresponses of 
lettuce seedlings where the two systems function in an antagonistic way and can 
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therefore be separated physiologically without too much trouble. Ih'cause of the 
features of the action spectrum (with peaks in far-red and in blue) \\c call this second 
system the ‘*blue, far-red reaction system". You sec a representative action spectrum 
of the "blue, far-red reaction .system" in the case of Sinafyis alba in h'ig. 3. together 
with the action spectrum of the induction of a photorespon.s(‘ by the "low eniTgy 
reaction". The function of this blue, far-red system can only be demonstrated in tlu* 
laboratory when we irradiate the plant for a ivlativi‘l>* long time witli a ratlier high 
irradiance. Therefore we call this system the "high-eiUMgy reaction". 



3. An actiiUi siu'ciruiu (solnl curve) of the "bliK'. far-red reaction sy'^leni” (lii/^h eneif^v 
reaction;. The follouiiif; photon^^ponst' has been us(‘d: I.ijjlit-indiiced (*nlar''einenl ol thi' c«>tyle- 
dons of mustard si'cdlings [Swmpis iilha f. I 'the dashed curve represtnits the action spet tniin hu 
theindiii lion <da photor<*sponse ])v tht'‘Mo\v t n»T‘;y react 



Fis'. 4. An action spectrum /solid line, circle^) for the r» <»peninf/ of tin* pluinulai hook in Irttiice 
seedlin#js [[.artu'.a siitiva I.,) ‘I'lie action spectrum of tiu' hij;h ener;;v reartion in nmstard si-eillinti" 

d'iK 3) indicaU’d by tlu* dashinl ( urvr 

Aninterfstinf(exumj)!oof both systems may b*- l)riffly laosciitrd'*. 

Dark-grown sirdlings of Irttnia- rio not f«)rin .tii apprcci.iblc pliimiilar liook. IJnt a 
“normal” plunuilar book, as is fonn*;<l by /*/?«. sw/h.s vulgaris in fompleU* darknoss, 

can be induml by rerl light. \Vr could show that tl»“ jorn'atioii ol the plamulur hook 
in lettuce seedlings is controlled exclusively by the reversible red. lar-ri'd reaction 
syst<;m (“low’-enorgy reaction”). The hook wliich has been elo.sed by red radiation ran 
be reopened by light. Only blue and far-re<l radiation arc- effecti\'e in this rc;spef't. Tlie 
hook can only be reejpened if blue or far-red arc; applic-d with ralhc-r high irradianc’c' 
over a relatively long period {“high-energj- n-action”). The action siK-ctruin (h'ig. 4I 
and the kinetks of this high-energy reac:tic)n show that this pliotccreaction is identical 
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with tlie blue, far-red reaction system” which we know, e.g. from the pliotomorpho- 
^encsis ()f mustard seedlings, and which apparently is also involved in many other 
photomorphogenic responses, as has been demonstrated by the Beltsville group and 
othtTs. In mustard tht‘ low- and the high-emergy reactions always function in a syner- 
gistic manner; in lettuce the opposite is true. The closing of the plumular hook is 
controlled by the reversible red, far-red system and the reopening of the hook is 
controlled by the blu(‘, far-red system. In this wa\’ the two systems can be more 
clearly separated and characterized physiologically. It has been assumed by Hen- 
dricks et al.^^ « that the high-energy reaction is based on a sensitized photochemical 
reaction. The sensitizer involved is supposed to be the reversible red, far-red pigment 
system under conditions of a continued, simultaneous excitation of both pigments 
(Pr and /*/r). Under such steady slate conditions part of the excitation energy is not 
usihI for iTW'ersible transformation but is transferred to an acceptor molecule. There 
is no space let t to discuss in detail this rather complicated and highly speculative theory 
of the blu(‘, far-red photomorphogenic reaction system, the investigation of which is 
going on in s(*v(*ral laboratories. It has not so far been possible to dtanonstrate this 
“blue, far-r(‘d system" by photochemical or physico-chemical means. 
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BIOT.OGISCHE I'HKKN 

JOROKN ASCllOl'l*' 

Max-Planck-lnstitut fiir Vfrhallctisf>kvsioli>git', Eiling-A Hflec/islOhb. ( Dcutstkland) 


Uliren sind Instnunonto ziir Zeitmossunfi. Dcr Pliysikor uiitcrsrlK'iili't uiuTlitc Zoit- 
messung, dor ein einnialigor. gloichforinigor Xaturvorgang zu (rrundo liogt, von editor 
Zoitniessung, die aiif gleiehniassig \viedork«‘hrenden (poriodiselion) newegungoii 
beruht. Zu den altesten unediten Uhron zahlon die Wassi-r- uiid Sanduhren. Wird 
einc Sanduhr nadi jedem Ablauf sofort wiediT umgedreht, soc'iitstebt bereitsein porio 
discher N’organg, jedoch in dor besondoren Form tier Kippsdnvingung. k'iir odito 
Uhren benutzt tlio Tochnik moist das Prinzip dor Pendelsdiwingung, die mit dor 
Kreisbewegung eines rotierenden Korpors eng verwandt ist. Dio Drehbewognng dor 
Erde um ihre Achso hat ziiorst dom Monsdien die Mogliehki it goboton, poriodischo 
Vorgjinge (Durdigang der Sonne odor oinos Fixstornos ilnreh don Moridian) zur 
Zeitmessung ansziinutzon. Sie ist zugleich Ursache oinor olemontaron biologisohon 
Uhr, die offenbar alio Lebeweson iin Laufo <lor Evolution erworbon haben. 

Die 24-Stunden-l’eriodik ist jedoch durchans nicht die oinzige biologisclu; I Mir. 
Hohere Organi.smen besitzen zahlreiche poriodischo \’orgango sohr untorschii'dlichor 
Frequenz, die alle in irgend einer AVeise der Zeitmessung ilienon kiinnten. Galilei soil 
seinen eigenen Ihils gezahlt haben, als orstmals die Gloichfiirmigkeit einer Pcaidol 
schwingung messen wollte. Das wiiro ein I’all bowusstor Zeitmessung mit Hilfo 
biologischer Rhythmen, in den«*n u. a. Mach' L'r.spriingir dor Chronoinotrio vermutot 
hat. Sohr viol zahlreichor jedoch sind solcho V'organge in Organismen, in die unbo- 
WTJSstc periodLsche Prozes.se im Sinne von IMiron oingo.schall«‘t siinl. Kino kurzo 
Cbersicht iiber das Spi-ktrum d<;r hier zu berucksichtigenden Fiecpienzcn mag zui 
speziellorcn Behandlung dos Th<;mas nberleiton. 

1. KNIXHiFvNK UIOI.OOISl.HE I'KKlDmZn .VI KN 

Zcitrae.ssungen konnon den Sinn haben, das ..Riclitige zur richtigm Zoit zu tun ” 
Dabei kommt os untor Umstiindon nur darauf an, oin bestimmtos Kroignis in gloichon 
2 ^*itabstanden zu wiederholon. Als Beispiol oinor solchen Poriodizitiit sei dor Ovarial- 
cyclus der Saugotiero gonannt. Er gehort bei violon Arton zur gro.sson (irupiie dor rein 
endogenen biologischon Rhythmen, von denen die relativ hochfreijuontim Potential 
schwankungon fles zentralon Nervonsystems, insbesondero, die Hirnaktion.sstnitiK 
(EEG), das kleinwollige Ende eines sohr broiton Spektrums bihlon'-'. Die rein endog«‘ 
nen Rhythmen .^ind dadurch gekennzeiehnot, da.ss sie dem Organismus nicht voi 
aussen aufge/AVungen sind und mit ki ineir poriodiselion Vorgang der IJmwolt iibei 
einstimmen. Ihre Bedeutung ist im allgemeinen auf Funktionszusammenhange in 
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Orgaiiismus selbst beschriinkt. Einigc von ihnen mogcn insofern als Uhrcn betrachtet 
werd«‘n, als sic dazu dicncn, mohrerc Vorgilnge zu synchronisieren. Eine solche Syn- 
chronisation von Vorgiingcn ciner bestimmtcn Frcciuenz inncrhalb mehrerer Systeme 
oder Organe ist sicherer gewithrlcistet, wenn allc Systeme glcichlaufendc Uhren be- 
sitzcn und cine zentrale Miittcrulir Icdiglich den (lang der Nebenuhien kontrolliert. 

Der Begriff der rein endogiaicn Periodizitiit lasst sich auf iiberindividuelle Einheiten 
aiisdehnen. Der oben genannlc Ovarialcyclus, der sich meist auch bci isoliert lebenden 
VVcibchcn spontan wiederholt, scheint bei gewissen Vogelarten nur dann periodisch 
wcitcrznlaufcn, wenn die beiden (leschlechtspartner zusammenleben und sich mit 
ihren Funktionsablaiifen gegenscitig synchronisieren®. Den nichsten Schritt bilden 
Periodizitaten, die nur inncrhalb ganzer Populationen auftreten: Die Schwankungen 
der Populationsdichte, speziell bei manchen Saugetierarten, mit Periodendauern von 
3 bis zu iiber 10 Jahren sind rein endogen In all die.sen Fiillen liegen die Ursachen der 
Periodik iin biologisch«‘n System (in i lndi\'iduuin, in 2 Individuen oder in der Popu- 
lation) untl stehen in keinem ursaclilichen Zusammenhang mit einer Umweltperiodik. 
Dc'ingegeniiber gibt es eine Klasse von Periodizitaten, die streng mit periodischen 
Vorgiingcn der thnwclt synchronisiert sind, darunter als die vier wichtigsten die 
'Pages -Periodik, die Gezeiten-Periodik, die Lunar-Periodik und die Jahres- Periodik. 
Bei ihnen tritt*’-,!. r ('harakter der LJhr wegen ihrer offcnsichtlichen Bedeutung fiir 
zeitrichtige Anpassung ties Organismus an die periodische Umwelt deutlich hervor. 
Fin Beispiel fiir die 'I'agi'speriodik bietet die Sonnenkompass-Orientierung N’icler 
V<»gi‘l und Insekten. Fiir etliche diescr Zweeke konnte es geniigen, wenn die biolo- 
gischen Uhren nach jt:dem Uinlauf von aus.st*n neu angestos.sen werden mussten, also 
(‘.\ogen orregt wiiren. W eit sicherer arbeilen jedocn auch hier wieder die echten Uhren, 
die selbsterregt (tMulogen) auch dann weiter laufen, wenn die steuernden Einfliisse der 
aussereii Uhr ((h*r Umweltperiodik) kiinstlich ausgeschaltet werden. 

lin breiten S(x;ktrum endogener biologischer Khythmen, das von Perioden mit dcr 
Dauer von Bruchteileii einer Sekunde bis zu \ ieljahrigen Perioden reicht, bilden die 
\ ier mit der Umwelt synchronisierten Periodi- itiiten gcv\.sM ■•massen vier scharfe 
Spektrallinii'n. Allcrdings ist von ihnen nur die 24-Stunden-l liodik mit Sicherheit 
als endogen erwit'sen. Versuche von Hauenschild® am Polj’chaeten Platymcreis 
Uiinicrilii kdnnen im Sinne einer endogi'iien Lunarperiodik gedeutet w’erden ; iihnliches 
mag fiir (it^zeitenrhythmen gelten®. Bei der Jahresperiodik ist die Frage nicht end- 
gultig entschieden, wenn auch eine Reihe von Befunden an Vogeln und Saugetieren 
die Hv'iiotliese einer cmdogcnen Periodizitiit nahelegen*.’. Neuordings hat Wolfson® 
an tropischen Vogeln, die uber 18 Monate bei kiinstlicher Belich.tung ohne jede jahres- 
zeitliche Anderung gehalten wurden, zwei bis drei vollstandige Brunstperioden bc- 
obachtet. 

Eine an die Umwelt angepasste, ondogenc Periodizitiit ist nur sinnvoll, solange sie 
synchronisiert bleibt. Fiir diese Synchronisatie ' sorgcii bestimmtt periodische Um- 
weltgrdssen, die als ileitgeber®-!® die Phase der biologischen Periodik bestimmen 
(Synchronizer “). Sie kontrollicren den Gang der biologischen Uhr. die ohne regel- 
raassig wiederholte Korrektur nach kurzer Zeit liinter der Umwelt-Uhr zuriickbleiben 
Oder ihr voraiiscilen wiirde. Art und Wirkweise solcher Zeitgeber fiir verschiedene 
Periodizitaten wurden an anderer Stelle ausfuhrlich behandelti®. Bislang sind die 
Verhaltnisse allerdings nu bei der 24-Stunden-Periodik genauer untersucht; sie sei 
deshalb im Folgcnden als Musterbeispiel dargestcUt. 
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2 . DIE 24-STUNDEN-UHR 

Man darf heute mit cinigcr Sicherhcit annehmcn, dass nahezu alle Organismen von den 
Einzellcrn bis zu den Primaten eine 24-Stunden-Periodik besitzen. Auch bei den 
Melirzellern scheint sie in den einzelnen Zellcn verankert zu sein ; bci den holier cnt- 
wickeltcn Organismcn tritt hierzu moglichen falls eine obergeordnctc Zentraluhr. Der 
Gang der Uhr liisst sich am ]ieriodischen Ablauf einer odor mehrerer Funktionen des 
Organismus verfolgen. Fiir das Verstiindnis des Uhren-Mechanismus ist es weit- 
gehend gleichgiiltig, welche Funktion hierfiir gewahlt wird. Vielfach bewahrt ist die 
allgemeine lokomotorische Aktivitat eines Tieres, die sich leicht nnd ohne Stiirungen 
des Objekts ununterbrochen niessen Llsst. Sie bildet die Grnndlagc eines Grossteils der 
hier zu erorternden Versuche an Vdgeln und Nagem. Dabei ist iin Auge zu bchalten, 
dass die Messung andcrer Organismen odor andcrer Funktionen weitgehend zu den- 
selbcn Ergebnisscn fuhren wiirde (Vgl. Abb. 8). 

Ob die unter natiirlichen Bedingungen an einem Organismus beobachtete Tages- 
periodik wirklich endogen ist und welche Faktorcn der Umwelt fiir diesen Organismus 
als Zeitgeber wirksam sind, muss in jedem Fall mit besonderen Experimentcn gepriift 
werden. Nach den bisher vorliegenden Ergebnisscn ist der mit der Erddrehung ver- 
bundene Wechsel zwischen Licht und Dunkel der weitaus wichtigsti' Zeitgeber. Mit 
Hilfe kiinstliclien Belichtungswechsels wird deshidb auch im allgemeinen die Wirkweise 
von Zeitgebern untersucht. Im Folgenden sind drei Teilprobleme niiher beliandelt; 
(l) Die endogene Periodik unter konstanten Umweltbcdingungen ; (2) Die Wirk- 
weise von Zeitgebern; (j) Verglcicli der biologischen 24-Stunden-Periodik mit einer 
Modell-Pendelschwingung. Fiir cine Reihe weitcrer Fragen sei auf die ausfiihrliche 
Monographic von Biinning'® verwiescn. 

2.1. Die Periodik unter konoianten U mgebimgsbedingtmgen 

Im Laboratorium mit kiinstlichem Bclichtungswechscl von 12 Std. Lii'.htzeit und 
12 Std. Dunkelzeit (LD, 12 : 12) zeigit ein gekilfigter Buchfink eine dcutlich perio- 



Abb. I. Aktivitiitsperiodik eines Buchfinken im kunstlichcn Wechsel zwischen 12 Std. Licht und 
12 Std. Dunkel (L,D) und im Dauerlicht (LL) mit zwei intensitaten. Die Veriodc t giicdcrt sich 

in Aktivit^tszeita uad Ruhezeit p. 
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dische Aktivitat, mit einem Haiiptmaximiim zii Beginn und einem Nebenmaximum 
/u Ende der Lichtzeit. Diese Periodizitiit dauert an, wenn alle Umgebungsbedingungen 
konstant gehaltcn werden (Dauerlicht, dauerndes Fiittcrangebot, konstante Tempera- 
lur usw.) (Abb. i). Sio ist dann mit Sicherheit endogcn, wenn die Periodendauer von 
24 Std. abweicht. Nur in diescm Fall kann man sicher sein, dass kciner der zahlreichen 
tagesperiodivSchen Ausserifaktoren, die schwer oder niclit ausschliessbar sind (kos- 
mische Strahlung, clektr. Poticntiale usw.), als Ursaclu* der l^eriodik in Frage kommt. 
()rgani.smen mit einer von der Erddroliung abweiclicndcn SpontanfrcHjuenz (Lit. free 
running periodic*) besitzen edite endogene Uhren, und fur sie sind die synchroni- 
.sicrenden Aussenfaktoren cchtc Zeitgeber. 

Jede Periode t liisst sich ohne Zwang in zwei Abschnitte untcrtoilen (Abb. i) : Die 
Aktivitatszeit A und die Kuhezeit q. Dies bedeutet nu'hts anderes, aJs da.ss die VV\?rte 
der gemessenen Funktion walirond eines 'i'cils der Periode liber einen Scliwellenwert 
ansteigen, wiilirend des anderen Teiles aber damn ter bleiben. Im Falle der Aktivitiits- 
messnngi*n hat diese Schwellc^ den Wert Null; hei anderen Funktionen, die — wie 
('twa die Kcirperteinperatur — stets oberhalb Null hhnben, tut jeder willkurlichc 
Ordinatenwert (z.B. 37"^) denselben Dienst. Bci gleiclibleibendem r sind Anderungen 
des f\ ; p-Verhaltnisses Ausdruck daflir, dass der mittlere Erregungspegel, um den 
das System sdiwingt, sich geandert Iiat (Lit.*^; vgl. auc'h die beiden folgc^nden Ab- 
schnitte). .. 



Al)b. 2 Beginn o und Knd(‘ • der Aktivitat eines Buehfinken iin kiinstliclien J^elichtiings- 
wechsel und im Dauerlicht (1-1-), aufgetragen als ( )rdinat(*n\vertc (in MMZ) gc‘gen die lag- 

folgcals Abszisse.. (aus T.it.'^). 

Die Genauigkeit, mit der ein Organism us seine Spontanfre(]uenz untcr konstanten 
Umgebungsbedingungen einhalt, lasst sich leicht zeigen, indeni man in einem Dia- 
gramm den taglichen Beginn und das Ende der Aktivitiitszeit als Ordinatenwerte 
gegen die Tagfolge als Abszisse auftragt. (Abb. 2). Unter den Bedingungen kiinst- 
lichcn Licht-Dunkel-WccliseJs (LD) beginnt und endet die Aktivitiit eines Buchfinken 
genau mit der Lichtzeit; die Verbindungslinien der beiden Punktfolgen laufen der 
AbszAsse paTa\\e\. Im DaueiYtdtt (lAJ) von 0.4 Lux beginut die Aktivitat \eden Tag 
etwas spater , in 120 Lux ^eden Tag friilier. Mit anderen Worton : Der DucLiink Viat im 
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Daucriicht eine Spontanfreqaenz mit einer Periode von mehr als 24 Std in 0.4 Lux 
und von woni^cr uls 24 ^td. in 120 Lux. Dus Diu^rswm dcr Abb. zlchitdurubGrhinuus 
dreierlei; i) Beini (^bergang von LD zu LL setzt die Spontanfreqaenz unmittelbar 
ein ; beim (,■ bergang v'on LL zu LD vvird die Spontanfreqaenz unmittelbar vom Ztut- 
geber eingefangen und mit 24 Std. .synchroni-siert ; 2) Die Aktivitiitszeit ist in 0.4 
Lux cloutlich kleiner als in 120 Lux; j) Der Aktivitatsbeginn liefert ein genaueres 
Mass fiir die Frequenz als das Aktivitiitsemde. Die Liinge einer Periode wird demnach 
zwcekmassig vom Beginn einer Aktivitiitszeit zum Beginn der niichslen gemessen. 

Beobachtet man mehrere Vogel einzeln unter denselben Bedingungen und iiber 
liingcre Zeit, .so zeigt sicli, dass die gemessenen Spontanfrequenzen von Tier zu Tier 
etwas verschieden sind und dass sie sich bei ein und dem.selben Tier ohne crsiclitlichen 
Grund andern kbnnen. In Abb. 3 sind die Aktivitatsbeginne von 4 Buchfinkon im 



Abb. 3. Anfange dor .Aktivita.tszcilon viin vicr, cinzel gcinossoncn Huclifinkoti iin Danerliclit 
viorerlei Intcn.sitat. Heachtc; die untcrschicdliclicn Skalenwertc auf Ordinate und .\b.s/,isse>s. 


Dauerlicht von 0.4, 1.8, 8 und 120 Lux cingezeiclinet. Trotz der ersichtlichen intra- 
und interindividuellen Schwankungen liisst sich fur jede der vier Bel>-uehtungsstarken 
eine mittlerc Spontanfrequenz angeben ; sie ist bei 0.4 Lux am khnnston, bei 120 Lux 
.am grossten. Dicse Zun.ahme der Spontanfrequenz mit steigender Belcuc.htJingsstarke 
gilt fiir eine gewisse Gnipf)e von Organismen; zu ihr zahlen uie sogen.mnten licht- 
aktiven Tiere und offenbar auch einige Pflanzen. Bei dunkela.'titen Tieren wird 
dementgegen die Spontanfrequenz mit steigender Intensitilt des Dauerlichte.s kleiner. 
Die Cbersicht der Abb. 4 enthalt alle bisher verbffentlichten Versuchsergebnisse, denen 
sich die Abhangigkeit der spontanen Periode von dcr Beleuchtungsstarke entnehmen 
l&sst. Gegensinnig zu t .indert sich moist i\ als Ausdruck des steigenden oder fallenden 
Erregungspegels. (Vgl. Abb. 7). Ohne einen solchen Zusammt*nhang zwischen Ge- 
samterregung und Belichtung gabe es keine Einteilung der Tiere in eine ludit- und 
cine dunkelaktive Gruppx;. Fiir die lichtaktiven Tiere ent.spricht dies der von Fin.sen^® 
beschriebenen „lebenerweckenden” Wirkung des Lichts. Die Bedeutung des Pegcls 
wird in den folgenden Abschnitten noch kurz zu trortern sein. 
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2 . 2 , I Virkweisc der Zeitgeber 

hin poriodischtT Umweitvorgang kann nur dann Zdtgeber genannt werdon, wenn 
dcr niit ihm synchionisicite Organismus einc endogone Fcriodizitiit besitzt. Das 
Stiidiuni dcs Zt*itgcbcnncchanismiis setzt also die V’^erweiidiing von Organisincn vor- 


(Spontanfrequenz tm Dauerlicht) 



0.1 1 10 100 1000 Lux 10000 

Beleuchtungss tamt' 


Abb. 4. .\l)liangigk(‘it clor PcriodtnuUiiuT t von der Releiichlnngsstarkc* im Dauerlicht fiir 7 
verschit'dene Organismen. (f(‘schloss<‘iio Zeiclujn; dunkelaktivt', offene Zeirhen ; lichtaktive 'I'iero. 

1 )oppelkr«i?e * Zweite Ver.sucliss(‘rie an d(Tscll)c*n Spezies. (Literatiir bei*^). 

aus, Ix'i denen eiiie Spontanfroc[uenz nachgewiesen ist. Ob filr soU-.h oincn Organismus 
ein Umwoltfaktor als Zeitgebor wirkt, liisst sich nc^ben anderen niit 3 einfachen Ex- 
prTimemton priifen: 

(r) Einfangcn der Spontanfroquenz. Ein Beispid l)U‘tot die A!)b. 2. 
l 2 ) Pliason-Verschiebung. Mit einom kniftigen Zt'itgober las.st sich die Phase der 
biologischen Periodik um jedcn beliebigen Betrag gegen die Ortszeit verschiebcn. 
Die Abb. 5 zeigt das Vorhalten eines Biiclifinken im ki’mstlichen Belichtungswechsel 
(LD, 12 : T 2 ), de.ssen Phase um 12 Stunden verschoben wird, und zwar einmal durch 
Verdoppeln der Dunkolzeit (oben), das anderc mal durch Vt i.loppoln diT Lichtzeit 
(unton). In beiden Fallen ist der Vogel na(‘h 4 bis 5 Perioden voiodcr synchronisiert ; 
wiihn'nd dcr SyiK'hronisationszcit ist die Amplitude gedrimpft. 

(j) Frequenz-Anderung. Kunstlichen Frequenz-Andcrungen eincs wirksamcn 
Zeitgobers folgt die biologischc Periodik innerhalb gewisser (Irenzen; die aufzwing- 
l)aron Frecpienzen bildcn den Ziehbereich. Aussorhalb dos Zichberoiches fallt der 
Organismus in cine Spontanfreciuenz zuriick. Beispiele soldier Experimente enthalten 
die Abb. 6 und 9. 

Zeitgcber synchronisieren den Organismus mit einor bestimmten Frequenz dadurch, 
dass si(^ den Gang der cndogencn Uhr gtmau um den Betrag korrigicren, den diese 
wilhrend einer Periode zu schncll oder zu langsam gclaufen ist. Korrigiercn lieisst: 
Die Phase der endogenon Periode um eiiicn bes^’’mmten Betrag nadi vorn oder nacli 
hinten zu verschieben. Dafiir bestehen (ausser dem kurzfristigen Anhalten der Uhr) 
grundsatzlicli zwei Mogliclikeitcn : (/I) Jedc Periodik lasst sich als Kreisbcwcgung 
roticrender Vektoren beschrciben. Wahrcnd einer vollcn Periode der Grundschwin- 
gung ist die Kreisfrequenz w (— Winkclgeschwindigkeit des bcschreibendcn Vektors) 
nur bci einer reinen Sinusschwingung gleichfdrmig; bei jeder selbsterregten Schwin- 
gung ist der Augenblickswert dcr Kreisfreqiienz wahrend eincs Teiles der Periode 
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gr^jast‘ 1 ’, wiihrend cines anderen Tciles der Periode kleincr als dio mittlcrc Kreisfre- 
quenz. Phasenverschiebungen (Afl^) sind dadurch zu erreichen, dass dio Kreisfrcqiienz 
wiihrend eines Tciles dor Periode zusjltzlich orhbht odor erniedrigt wird (A<p ~ AsO)-t)- 
(B) Jede sprunghaftc Anderung des Niveaus (Pegels), um das das System schwingt, 
fiihrt zu einer unmittelbaren Phasenvcrschiebung. 


(Phasenverschiebung um 12 Std mit LO) 



Abb. 3. Aktivitilt eines Buchfinken im kiinstlichcn Helichliingswechsel (T.D, 12 : 12). Plfil/lu lie 
I’liasenverschiobtinR des Zeitgebers um 12 Stundon, ohon durch Verdoppoln der rninkolzeil, unteii 
durch Verdoppoln der r.ichtzoit. (Xach ;\schoff, Milt. Ma.x-l‘l<mrk-Oes. 1959). 

Es bloibt zu priifen, welcher Parameter einer periodisrhen Umweltgrdsse als Zeit- 
geber wirkt und iiber welchen Meehanismus er die Phase der biologischen Periodik 
korrigiert. Am kiin-stlichen hicht-Dunkel-Wechsel lassen sie.h die beiden Moglieh- 
keiten am leichte.stcn erdrtern: {a) Wirksamsind die beiden Zustiinde, d.h. tlie Lielit- 
zeit und die Dunkelzeit ; (6) wirksam sind nur die Cbergiinge von cinem Zustand zinn 
andern, d.h. die Augcnblicke „Licht-an” und „Licht-aus”. Nach einem Vor.sehlag von 
Weveri’ spricht man im ersten Fall von einem Proportional-, im /.weiten Fall von 
einem Differential-FIffekt des Zeitgebers. Proportional -Wirkungen sind Reaktionen, 
die ein gleichbleibendcr Zustand des Zeitgebers im Organismus verursarht, sic (huiern 
an, solange der Zustand unveriindert bleibt. Differential-VV^irkungen beruhijn aus- 
schliesslich auf Anderungen der Zeitgrdsse. Die im vorigen Abschnitt erorterten 
Zusammenha.nge legen den Gedanken nahe, da.ss der Proportional-FIffi'kt eines LD- 
Zeitgebers in Anderungen der Kreisfrequenz des biologischen Systems bestcht ; diese 
hat bei lichtaktiven Tieren die Tendenz, in der Lichtzeit grosser, in dcr Dunkelzeit 
kleiner zu werden. Fur dunkclaktive Tiere gilt das Gegenteil. Wenn die Belichtung 
gleichzeitig den Erregungspegel verilndert, so ergibt sich beim Wechsel zwischen 
Licht- und Dunkelzeit zusatzlich ein Differentialeffekt. Theorctische Oberlegungen 
machen es wahrscheinlich, dass Pegelanderungen zwangslaufig mit Anderungen der 
Kreisfrequenz vcrkniipft sind. Das wiirdc bcdcutcn, dass Differential- und Propor- 
tional-Effekte mehr oder weniger immer zusammengehen. Die Fragc, wie stark natur- 
liche Zeitgeber proportional oder differential wirken, muss fur jeden Zeitgeber und 
jeden Organismus besonders gepruft werden. 
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Sind Zcitgcbcr imd Organismus miteinander syniiironisicrt, so bestelit zwischcn 
den beiden Perioden eine ganz bestimmte Phascnbezirhung. Jevveils nur cine solche 
Phasenwinkel-Differenz ist stabil; sic richtet sich nach der Art des OrgJinismus iind 
der des ZeitgebiTs. Die Abb. b bringt zwei Beispiide soldier Phasenbezielmngen, links 


Anderung der Frequenz des L D- Verhaltnisses 



Abb. 6. Aklivitiit von M iusen im kunstliohon Helichtungswochsol. links v^rrschiedencr I'm^uonz, 
rcchts v(*rsclii(Mloncn L : n-V(Tlialtnissi*s. Jodc Kurvt^ aus den \V<*rt(*n dn'ier Tiero iiber niohrere 

voile TVruxlen gemitb’lt. (Aus Tat.'^). 


fiir vers('hi(‘dene Frequenzen eiiies Zeitgebers mil gleiclibleiben lein L : D-Verhaltnis 
(50*' redits fiir gleidibleibonde Freqnenzen und verst'hiedeiu* L : D-Verhaltnisse. 
Versuchsobjekte sind in lieiden Fallen Manse. Jedes einzelne Diagramm cnts])ridit den 
Mittelwerten von drei Tien'ii und wenigslens G Pc'i ioden. Als Beziigsimnkte der biolo- 
gisdien Periodik dienen die Minima der Aktivitiit ( Aktivitiltsbeginn) odor die 
Maxima. Als Bozugsimnkte des Zeitgebers kcnmten sowolil die Momente ,,Licht-an'' 
und ,,Licht-aus” wie die Mittelpiinkle der beiden T(‘ilperioden herangezogen werdcn. 
Fin l^liek aiif die rechte Seite der Abb. 6 lehrt, dass bei gleidibleibendcr Zeitgebcr- 
frequenz der Phasenwinkel des Organismus stets etwa dieselbe Differenz zu ,,Licht- 
aus” behalt, wenn das Verhiiltnis von Licht-zu Dunkelzc'it geiindcrt wird; die Phasen- 
winkeldifferenz zwisclien Mittelpunkt der Licht/eit (odiT Dunkclzeil) und Organismus 
iindert sich. Dies kann fiir ein Oberwiegen dei Proportional- iiber die Differential- 
Effekte .spreclien. (Bei gleich.starker differentieller Steuerung durch „Li<^bt-Jin*’ und 
„Licht-aus” .sollte die biologisehe Phase an die Mittelpunktc der beiden Zeitgeber- 
Tcilstrecken gebiinden bleiben). Ein recht anderes Bild bietet die linke Hiilfte der 
Abb. 6. Bei jeder Freciuenz d(*s Zeitgebers stellt der Organismus einc andere Phasen- 
winkeidifferenz ein, sowohl im Bezug auf die Mittelpunkte wie auf die Obergangs- 
momente des Zeitgebers. Bei niedriger Frequenz des Zeitgebers (26 Std. Perioden- 
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dauer) beginnt die Aktivitat der Mause in der ersten Halfte der Lichtzcit, die Tiere 
sind weitgehend lichtaktiv; bei hoher Zeitgeberfrequenz (21 Std. Pcriodcndaucr) ist 
der Aktivitatsbeginn ganz in die Dunkclzcit vcrschoben, die Mause sind uberwiegcnd 
dunkelaktiv. 


Buchfmken Mcxteligesteuert Qber 



Dauer der €Penode t.oAktivitatszeit a, mRuhezeitp 

Abb. 7. Poriodciiflaucr t. AktivitatsziMt x und Ruhozcit o als Fiinktion dcT lk'li('lilun|[(sstark(! im 
DautTlicht. Vergloich dcs Orgauismus (Mittohverte fiir drei Biicbfinkon. ganz link.s) mit oirnMn 
elcktrisclien SchwingkR*is, bci dcm ontwodor die Induktivitiit (links), die Kapazitat (niitt(') oder 
der Kathodenwidcrstand (rcchts) lichtempfindlich geinadit ist. (Modoll nach Lit.i?). 


2.3. Vergleich mit einer PetidelscJwin^un^ 

Im Gegensatz zu dor oft vortretenen Hypothcso, dass die Tagcsperiodik oiner Kipp- 
schwingung vergleichbar sei, hat Wever^^'an unsercm Institut gezcigt, dass (‘in (‘in- 
faches Pendelscliwingungs-Modell die Mehrzahl aller am biologisclajn Objckt fest- 
gestellten Tatsachen zu boschreiben gestattet. h's handelt sich um cinon riickgo- 
koppelten elektrischen Schwingkreis mit einer Periodendauer von mnd i sec. Wowr 
hat abwechselnd drei entscheidende Parameter des Schwingkreises lirhtcmpfindlich 
gemacht : Die Induktivitat und die Kapazitat, die beide die Frequonz dcr Schwingung 
bestimmen, und den Kathodenwidcrstand, fiber den das mittlcre Energieniveau (der 
Pegel) der Schwingung beeinflusst werden kann. Durcli entsprechende Schaltung ist 
das Modell in alien drei Fallen so ausgelegt, dass bei Synclironisation mit periodiscliem 
Licht-Dunkel-Wechsel der Anodenstrom wiihrend der Lichtzeit soin Maximum und 
wahrend der Dunkclzcit scin Minimum erreicht. Der Oszillator verha.lt sich also wic 
ein „lichtaktives Tier*’. Mit dem Modell lassen sich alle Vcrsuciio wiederholen, die im 
Vorhergehenden als Tiercxperimente bcschricben sind. Gcnau so wie dort liisst sich 
priifen, wie sich die Frequenz dcs Oszillators bei den drei vcrschiedenen Schaltungen 
mit der Belichtungsstarke (bei dauernder Belichtung) iindert und welchc Phasen- 
winkeldifferenzcn im Licht-Dunkel-Wech.sel stabil sind. Audi liisst sich ebenso wie 
beim Orgimismus die ganze Periode x in Aktivitiitszeit a und Ruhezeit g trennen, 
indem der quantitativ rcgistricrte Anodenstrom durch cine Schwellc in zwei Teile 
(oberhalb und unterhalb der Schwellc) zerlegt wird. Als Phascn-Bezugspunkte sind 
die Maxima jeder Schwingung gewahlt. 

Die Abb. 7 zeigt die Verhaltnisse bei Daucrlicht. Fiir Vogel (linkes Diagramm) ist 
das Ergebnis bekannt : Frequenz und Aktivitatszeit werden mit .steigender Belichtungs- 



BIOLOGISCHE UHREN 


59 


stilrkc grosser. Dem entspricht das induktiv gesteuerte Modell beziiglich der Frequenz, 
das liber den Kathodenwiderstand gesteuerte Modell beziiglich der Aktivitatszeit. 
Das kapazitiv gesteuerte Modell widerspricht dem biologischen System in beiden 
Messgrdssen. Aus diesem Versuch liisst sich bereits ableiten, dass ein Modell, bei dem 
sowolil Induktivitat wie Kathodenwiderstand lichtempfindlit:h sind und das iiber 
beide gleichzcitig gesteuert wird, dem Verlialtcm des biologischen Systems am 
njichsten kommem muss. Diese Schlu.ssfolgerung wird von den folgenden Versuchen 
bestiitigt. 


(Phasenbeziehung bei wechselndem L O-Verhaltnis) 



(Model! uber oinduMmtat, •Kathodenwiderstand, f^Kapazitat) 

Abb. S. PIias(*nbozichung zvvischen dom Zritgebor (LD-W t.chsci gloichbloibt^ndcr bn'qut'nz) und 
( )rganisinon (links und rochts) od(*r c'iiicm clektrischfii Scliwingkri‘is (luitb*) bi'i wochseindom 
I. : I)-V(‘rhaltnis. I .inks: Orvzias lafipcsi,v Pilobolns sphnrrosporus, o Kalanchnc blnssfeldiana, 

\ '\Cahiidimla arvensia, /\ Psvudoamittia avenaria. Rochts: • T ■ Mus musculns, < lilatta oricn- 
talis, A Paflini now., o Mesocricrius auratiiy^, Mitb*: O Induktivitat, • Kathodenwiderstand, 
X Ka])azit«at liclit(;in])findlich. (J^iteraturhinweisc* bei*'*; .Modell nach*^). 

In Abb. 8 sind Versuche mit einem LD-Zeitgeber gleichbli ibf^ndiT Frequenz und 
wechselnden L : D-Verhaltnisses wiedergegeben. I.inkes und ru lites Diagramm ent- 
halten die Ergebnisse verschiedener Autoren, die mit g verschic^denen Organismen 
gearbeitet haben. Links sind ,,lichtaktive” Organismen cingetragen, reehts ,,dunkel- 
aktive”. Jt?der Ihinkt entspricht dem Mittelwert mehrerer Perioden und meist 
mehrerer Organismen; als Phas(‘n-Bezug.spunkt sind im allgemeinen die Maxima der 
jeweils untersuchten Funktion gewilhlt. In iiberraschender (."bereinstimmung besagen 
die Ergebnisse fast allcr Versuche dasselbe: Die Phase d(is biologischen Systems 
verschiebt .sich (mit einer Ausnahme) niclit ganz parallel zu den Zeitpunkten ,,Licht- 
an" bzw. „Licht-aus", liiilt sich aber auch nicht i>arallel zu den Mittclpunkten einer 
der beiden Teilperiodon des Zeitgebers. Ein solches Verlialten ist zu erwarten, wenn 
proportionale und differentiale Effektc zusamin^mwirkeii. Das (lichtaktive) Modell 
zeigt iihnliche Phasenbeziehungen zum Zeitgeber wie die lichtaktiven Organismen, 
wenn Induktivitjit und Kathodenwiderstand lichtcmpfindlich sind. Das kapazitiv 
gesteuerte Modell verhalt sich gegensatzliiii und entspricht somit keinem der bislang 
untersuchten Organiijmen. 

Als drittes Beispiel ist in Abb. 9 der Ziehbereich von Miiusen (oberes Diagramm, 
vgl. die linke Hiilfte der Abb. 6) mit denen des Modells verglichen (untere Hillfte der 


Lileratur S. 62 



6o 


J. ASCHOFF 


Abb. 9). Der Zichbereich des induktiv gosteuerten Modclls wird von den beiden 
Spontanfrequenzen begrenzt (gestricheltc Linien), die dieses Modell boi maximalor 
(LL) bzw. bei minimaler Belichtungsstirke (DO) hat. Das iibcT den Kathodenwider- 
stand gesteuerte Modell hat bei beiden Belichtungsstiirken dieselbc Spontanfreciuenz 
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Phasenwinkel des Signals 
Std O’O’^Beginn der Aktivitat 


Abb. g. Frcqucnzanderunj^en bfi Mauscn 
(olx'ii) iind ini elektrischon Schwingkrcis 
(unton), erzwungon durch Frcqiionzandor- 
ungcn cinos Td)-Zoitgcbcrs (Strcckt* dor 
Froqiicnzuboroinstimmung zwischon bei- 
den Schwimmnngen — Ziehberoicli). Im 
Modell ist einmal die Indukti vital («), das 
andere nial der Kathodenwiderbtand {h) 
lichtcmpfindlich gcmacht. Gostricholt : 
Die Spontanfrequenzen mil denon die 
Systeme im Dauerlicht minimaler (DD) 
Oder maximaler (LL) Beleiichtungsstarkt' 
schwingen. (Modell nach^’). 


Abb. 10 . T’hason verse hiobungon, orzwungoii dureb 
kur/fristigo Holicbtung des iiii l)auordu!ik(!l froi 
schwingonden Systems. Positivx' Werlo: VorzdgcT- 
iingen, negative W’ertt*: Bosch leunigungon des 
Systems. Oben: Krgebnisse von Dt ('oiirsey*-^” am 
Iduglidrnchon. (2 Versuche). I'nten: Klektrisclies 
Modell, de.ssen Induktivitat O odor Katlioden- 
widerstand • odor beide zusauinieii liclitempfind- 
lich sind (nach^^). Abszisse: Zeitpunkt des JJclit- 
reizes, gemessen vom liegiiin der Aktivitiltsztdl. 


(LT. — DD); trotzclem gibt es auch hier einen Ziehboreich, dei allerdings kloiner ist 
als beim induktiv gesteuerton Modell. Wenn der Ziohbcroich von Miiusen tiber die 
Grenzen der bei ihnen im LL und im DD gefundenen Spontanfre-quenzen hinausgcht, 
so ISsst sich das wioder nur mit einem Modell beschreiben, das iiber [ndiiktivitat und 
Kathodenwiderstand zusammen gesteuert ist ; es legt weiter die Annahmc nahe, dass 
bei Mausen proportionale und diffcrcntiale Zeitgebereffekte zusammen wirken. 
Bei 10 daraufhin gepriiften Organismen entspricht die Phasenbeziehung in Experi- 
menten mit Frequenzlinderung weitgehend der, wic sie in der linken Halfte der Abb. 
6 fur MSuse gezeigt ist : Bei hoher Zeitgeberfrequenz ist die Phase gegeniiber ihrer 
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Lagc; im 24-Stcl. Tag nach liintcn, bd nicdrigcT Frcqueiiz nach vorne versdioben 
(Vergl. Lit.^ 5 ). 

Ein letztos Experiment sei an Hand von Abb. 10 besproclien. Weitaus der elegan- 
teste Bew(ns fiir den Differentialcffekt eines LI) Zeitgebors besteht darin, einen 
Organismus, der im LL odor im DD spontan schwingt, einem kiirzen (-= kurz in 
Bezug auf die gauze Periode) Li('ht-BIit/. bzw. einem •*I)unkel-Blitz” aiiszusetzen. 
Solche kurzfri.stigen Unterbr(T.]iiingen der sonst konstanten Bcliclitungsverlialtnisse 
veriirsaclien iinmittelbar einc Phasenverschiebung. Das Aiismass der Verschiebung 
riehtet sich nadi der Grosse des Differentials and nach der Phase, in der das System 
getroflen vvird. Experimenter dieser Art sind zut^rst von Rawson^** and von Bruce and 
Pittendrighi** aii.sgefahrt worden. Die Abb. 10 enthalt Ergebnisse, die De Coursey*-^* 
an Flugh()rnchen gewonnen hat. lin DD angebotenc Liditreize von 10 Minuten 
Dauer b(r\virken bei diesi'ii streng dunkelaktiven Tieren (‘ino maximal positive IMiasen- 
verschiebung (VerzogiTung) zu Beginn der Aktivililtszeit and eine geringcrc negative 
Verschiebung (Beschleunigang) etwa za Ende der Aktivitiltszeit ; in der Ruhezeit 
scheint das Tier gegen Differentialeflekte mehr oder weniger unempfindlidi zu sein. 
Im Gegensatz hierza liegen die Phasenv^erschiebungen des indaktiv gesteuerten 
Modells aa.sschliesslich auf einer ScaU* der NulLLini(‘. Bei Steuerung fiber den Katho- 
(UrnwkUrrstand treten /war positive and negative Phasenverschiebungen auf, sie 
liegen aber synsn^^vi^ri'x h zar Null-Linie. Erst die Kombination beider Schallangen 
(gt'strichelte Karve) bringt das richtige Ergebnis: Phasenverschiebung beiderseits der 
Null-Linie mit a.syminetrischer Vert(‘ilang. (Die Karve fiir das kombiniert gesteuerte 
Modell verlauft annahernd spiegelbildlich zu der der Flaghdrnchen, da diese dunkel- 
iiktiv sind, das Modell aber ,,lich1aktiv’' g(rschaltet ist.) 

Zasammeng(!nommen zeigen die Vorsuche: Mit der Pendel-Schwingung einos elek- 
triscluMi Sclivvingkrei.ses lassen sic:h alle im Tierexpi.rriment gefundenen Verhaltnisse 
beschreiben, wean Iiidakti\dtat and Kathodenwiderstand lichtempfindlich .sind and 
cler Z(‘ilgeber fiber beide das System steaert. Das Modcdl ermoglicht Voraussagen fiir 
den Ausgang bestiniml(*r Exp)eriniente and legl die nypothe.se nahe, dass der 24- 
Standen-Periodik eia der Pendelschwingung vrrwandtes bysle,m zu Grunde liegt 
(also (‘in System mit zvvei Energiereser\'oiren). 

3. JJEDEUTUNG DER UHR 

Die 24-Stunden-lk‘rio(lik, als die am b(\sten imtersuchte der vier mit der Umvvelt 
synchronisierten Pc^riodizitatcMi, ist zagleichein vorziigliches Beispicl daffir, was soldi 
cine Uhr fiir den Organismus bedealet and was sie zu leistca verniag. Sie ist ein 
Muster fall von Anpa.ssang, der zeigt, wie sich die Organismen im Laufe der Evolution 
darauf eing(?.stellt haben, (iunst and IJngunst der Umwelt in ihrer periodischen Wieder- 
kehr nicht einfacli pa.ssi\' hinzunehmeii oder sich g(^gen sie so gut als moglich abzu- 
schliesscn (wde etwa mit Hilfe d(*r Homoiotheri'»'e), sondern sich durcli Entwicklung 
einer endogenen Uhr glcicher Umlaufzeit in jedem Augenblick bercits auf die Um- 
stande des nachstfolgenden vorzubereiten. Auf die.se Weise wurden die ursprung- 
lidicn „Ursachen** der Periodik durch nicht mehr ursachlich wirkende Zeitgeber 
abgclost, die nur dafiir sorg(‘n, dass die erworbene endogene Periodik mit der 
der Umwelt Schritt halt, und die meist schon vor Eintritt der Umstande wirksam 
sind, die es zu meist em oder auszuniitzen gilt. Daraber hinaus ermoglicht die endogene 
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Uhr die zeitliche Koordination bestimmter Einzelcrcignisse im Organism iis rnit solchcn 
der Umwelt — z.B. das Aufsuchen des Futterplatzcs ziir richtigon Zeit — und die 
stete zeitgerechtc Verreclinung etwa dcs Sonnenlaufes, wimn die Soruu^ als Konipass 
benutzt werden soil. Ein soldier Grad v'on Anpassung bedoutet notwendig cine 
Spezialisation, die ihre vcrwundbaren Punkte hat. Wird der in stnncr natiirlidien 
Umwelt mit dieser und in sidi selbst voll synchronisierte Organismus in cine kiinst- 
lidie Umwelt gebracht, in der die verschiedenen Zeitgeber gegeneinander phasenver 
schoben sind odor in der sic fchlen, so geht auch die Synchronisation der Uhren im 
Organismus verloren. Die Folgo sind Storungc'ii des optimalen Funktionsablauh^s*-^^ 
und echte Sdiadigungen‘-*^. So gilt fiir die Zeit eher noch mehr als fiir den Raum der 
Satz, dass der Organi.smus nicht ohne Gcfahr die Umwelt verhasst. an die or angepasst 
ist. 

Man hat zuweilen das Leben des Individuums mit einer Uhr vcaglicheii, die mit 
scinem Tode still steht. Das gilt fiir die Tages- und Jahresuhr. Das gauze Leben j(‘(loch 
ist nur der Pendelschlag einer Uhr mit weit grosserer PerioclendaiuT. Die h'olge der 
Generationen erst bildet wicder eine Pcriodizitiit, dit^ als ein Instrument der Zeitmt^s- 
sung betrachtet sein mag. Es ist die Uhr, mit der die Evolution ihre Zeit misst; cane 
rein endogene Uhr, wiilircnd deren Gang die Tages-Uhr sich (‘iitwickeltc. 
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ZUM STKAHLUNGSKLIMA DKR ERDK 

RUDOLF SCIlliLZK 

f)ciitscher Wettcrdienst , Jileteomloffisches Observatovium, Hambtirg (Deutschland) 


Zur hniflnung cles cTsten Sym])()siunis des Fins(mkon|:;^ressc‘s 1960 sclu'ukte mir Herr 
MadstMi* den Erstdnick einos Buches von l^insen, in deni Finsen S(‘ine Messiingen zum 
Strahlungsklima Kojienhageti bekannt gibt. Der VViins('li Finsensnarhentsprechenden 
Angaben lur die gesarnt(^ Erdoberflache soli heute zu seinem hundertsten Gebiirtstag 
erfiillt werden. 

T. BES(’1IRANKUNG AI;F DMN STKAHLUNGSGKWINN DES EKl)BOJ>l!:NS THESE 

Von der Leitung des Kongress(‘s l)in icli beauftragi, nieine Betrachtungen auf den 
Strahlungsgewinn des ErdbodtMis (insbesondere auf die (ilobalstrahlung 5 f //, 
(MTipfangon von der horizontalen Fliiclu*) zu beschranken. Wir stellen fur die (dobal- 
strahlung folgcnde These auf: 

Das Strahlungsklima jedes Ortes auf der Krde liiii.gt in erster Linie ab von: 

1. extrat(irrestris(:her Beslral)lung. 

2. Be\V()Ikung, 

\'on geringerer Bedeutung sind: 

Stn‘uung an den Molekiilen der Atinospliare, 

4. Absorption im W asserdainpf der Atniosphare. 

5. Streiiung und Absorption am Aerosol der Atinospliare (Triitung). 

Dies ist iin folgenden zu beweisen. 

2. BESTKAHIAJNCiSSTAKKE UND TAGESSUMMKN EUR WOI.KENLOSE TAGE 

Wir unterscheideii zwisehen Bestrahlungsstarke (kW in-) und lagessumme (kWh/m^ 
I'ag), weil dor Arzt, Biologe und Terhniker nach der *'Belastung'’ (Bestrahlungs- 
stiirke) fragt, der Klimatologe. Botaniker, Ozeanograph und Geophysiker nach der 
. “Wirkung" (Tagessumme). 

2.1 **Ohne Atmosphdre* 

Denkt man sich die. Erdoberflache von jeder Aimosphare und Bewdlkung befreit, 
so ist fi’ir jeden Ort der Erde die Bcstrahlungsstarke (So) leieht aus dem Produkt 
Solarkonstante {h - 1.39 kW/m^) mal dem Sinus der Sonnenhdhe (A) zu berechnen. 

• Sortn 'Madsen, M.lng.E'., \T)rstand der danischcn iLichttcchn. Oes., Besitzer der aliesten 
Bibliothek der Strahlen- und [.ichtwissenschaft. Titel der Elhrengabe: Meddelelser fra Finsens 
Mediciiiske Lysinstilut, VI 1 1, 1904. 


Literatur S. 75 



66 


R. SCHULZE 


Die SoiincnhShe kann fiir jeden Ort der Erde fur jeden Tag und fiir jede Tagesstunde 
aus astronomischen Tabellen entnommen werden. Die Werte von So fiir verschiedene 
Sonnenhdhcn bringt Abb. i in der oberen Kurve und die Tabelle I. 

Fiir die Tagessummen geniigt cs, die Werte von So niit der Sonnenscheindauer zu 
multiplizieren. Man wird hierbei die Entfernung der Erde von der Sonne im I.aufe des 


TABELLE 1 


uestii .\ hi . unusstArki -: (kW/m*) kOr verschikdknk sonnkniiohen * 



s. 

(i--t H )^ 



.s 

a 

(.S 1 //h 

(.S' 1 mu 





i cm 

2 Ltn 

4 cm 

T - 2.75 

fi O.I 

So 

90' 

1.30 

I .33 


r- 3 o 

1.27 


1.12 

o.8r 

60' 

1.20 

1.14 

‘•13 

i.ii 

r.oS 

0.97 

0.95 

0.79 

30" 

0.70 

0.63 

0.64 

0.63 

o.Oi 

0.51 

0.50 

0.72 

10^ 

0.24 

0.21 

0.21 

0.21 

0.21 

0.13 

0.13 

0-54 


• So', ohne Atmosphare. nach Streuung an don Molokiili^n (Ik'irmoncijiaii und Sokora^). 

5^: nach Absorption im Wassordampt (HoolptT*). gomossen boi Iriibungsfaktor T - 

2.75 (Reitz*). (S \-H)a: berechnot fiir Triibungskoeffizient p ^ o.i (Hinzpoter^), glcich “Normal- 
kurve". (S {■H)jjlSo‘. relative Bestrahlung. 



•-^SonnenhShe 

Abb. I. Bestrahlungsstarke (kW/m*) 
der Globalstrahlung in Abhangigkeit 
von der Sonnenhbhe (S®) : ohne At- 
mosphere. nach Streuung 

an den Molekiilcn. S^ \ n. Absorption 
im Wasserdampf (1,2 und 4 cm); 
(S f Normalkurve (Hinzpeter’). 
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Abb. 2. Jahresgang der Tagessummen der Globalstrahlung 
(kWh/m*Tag) fiir verschiedene geographische Breiten. .S„: 
extraterrestr. Bestrahlung; (S' \’H) : an wolkenlosenTagen zu 
erwartende Tagesisiimmen : {S-\-H)ISo', relative Bestrahlung. 
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Jahres mitberucksichtigen und eine genaue Integration durchfiihren. Diese Vorarbeit 
leistete Milankovitchi. sein Ergebnis bring! fixr einigc Orte die Abb. 2. 

2.2. Streuverhist an den Molekillen det Atmosphare 

In der Atmosphare werden etwa 10% der Sonnenstrahlung an den Molekiilen der 
Atmosphare gestreut. Etwa die Halfte der gestreuten Strahlung crreicht als "Himmels- 
strahliing" (H) den Erdboden. Die horizontale Klache empfangt nacli der in 

Abb. I gestrichelt cingezeichneten Funktion, (Zahlenwerte s. Tabelle i nach Deir- 
mendjian und Sekera^); die Reflexion am Erdboden wurde vernachlassigt. Fiir die 
Tagessumen berechnete Collmann^ die entsprechenden Werte (s. Abb. 2 punktiert 
eingezeichnet). 

2.3. Absorptionsverlust am Wasserdampf der Atmosphare 

Die Werte der Sonnenstrahlung nach Absorption im Wasserdampf der Atmosphare 
bring! Tabelle I nach Hoelper'*. Der Strahlungsverlust bei den einzelnen Wasser- 
dampfdrucken unterscheidet sich nur um z[ 2%, so dass man die Betrachtungen fiir 
das Strahlungsklima der Erde mit einer bestimmten VVasst idampfmenge — meist 
I cm H2O glcich 7.3 mm Hg — durchfiihren kann. 

FiirdieTagessiwpmeergibt sich, dass die Summe des Streu- und Absorptionsverlustes 
von den Polen bis zum Aquator nahezu konstant ist, etwa 20%. Dies riihrt daher. 
dass die in den Polargebicten flach einfallende Strahlung zwar stark gestreut, jedoch 
gering absorbiert wird, wcil der Wasserdampfgehalt in den Polargebieten niedrig liegt. 
Am Aquator dagegen ist die Streuung niedrig, die Absorption hoch, weil die Sonnen- 
strahlung die Atmosphare auf kurzem Wege durcl setzt, der Wasserdampfgehalt am 
Aquator jedoch hohe Werte annimmt (Schulze®). 

2.4. Strahlungsverlust am Aerosol - - Trilhung 

Der Staub und die sonstigen Verunreinigungen in der Atmosphare, die wir mit 
Aerosol bczeichnen und die zur 'ITiibung fiihreii, schwachen die Sonnenstrahlung 
nochmals. Ihr Einfluss ist gering, weil ein grosser Teil der am Aerosol gestreuten 
Strahlung wieder durch Mehrfachstreuung den Erdboden erreicht. Die Summen aller 
Strahlungsverluste (Sireuung an den Molekiilen plus Absorption im Wasserdampf 
plus Schwachung am Aerosol) bring! Tabelle I und Abb. i als am Erdboden zu er- 
wartende Globalstralilung: {i)+H)T sowie Die Obereinstimmung von Mes- 

siing (Reitz®) und Berechnung (Hinzpeter’) ist uberraschend gut. Der Trubungsfaktor 
T ~ 2.75 entspricht dem Trubungskoeffizienten = o.i; beide gelten als Mittelwerte 
fiir das flache Land. Im Hochgebirge werden niedrigere Trubungsfaktoren {T = 1.9) 
und iiber der Grossstadt hbhere (im Mittel 3.75) beobachtet (Steinhauser*). Die 
anzubringenden Korrekturen fiir Hochgebirge und Grossstadt betragen rund 10%. 

Die Abhiingigkeit der Tagessummen vom Atxosol liegt ebenfalls bei ± 10%. Dies 
liegt wiederum daran, dass die Schwachung der direkten Sonnenstrahlung im Aerosol 
durch eine erhiihte Himmelsstrahlung nahezu aufgewogen wird. Aus den Werten der 
Bestrahlungsstiirke der Tabelle I konnen die Tagessummen nach folgcnder Formel 
berechnet werden: 


(5+W) ~ 1 , sin h (0.46 + 0.54 q *>) 
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TABEI.LE 11 

TAGKSSL’MMI!:; IJICR GLOBALSTRAHLUNG AM ERDBODGN BEI WOI-KKNLOSEM IIIMMEL IN k\Vh/lTl'“TAG 
BERFXHNET NA.CH DEN TABELLEN VON MII-ANKOVITCH* 
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JT. Mdiz 

6. Mat 
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•V, \ov. 
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worin q — 0.7 und \l iiahozu I'sin h. Die Tabellen von Milankovitclii fiir q i.o and 
y = o,7fuhren dann zu Tabelle II (Tagessuminen derlilobalstraJiIung fiir die /^csanite 
Erde in Abhangigkcit von der Jalircszeit). 

2.5. Einfilhrttng einer "Mornialkun'c” fiir die Glohahtrahlung 

Zur Prufung der Zuverliissigkeit der in.'I'ab. I angegebenen (S-{ II)p-\s,'Qxie warden 
eigenc Strahlangsregistrifcrangen an wolkenlosen Tagen in Abhiingigkeit von der 
Sonnenhdlic ausgemessen. Die Werte warden bestiitigt. Dio maximalo Streaaag lag 
fiir Sonnenhohen iiber 50° bei :1- 3%; fiir 3o'’-Sonne.nhohe bei J; and fiir lo'^’-Son- 
nenhbhe bei H 20%. (Die Zanahme der Streaang bei niedrigen Sonnenhiiben ist aaf 
instrumcntellc Fehlcr zaruckznfiiliren, u.a. weil unsi’re bislier benatzten Pyranonieter 
oft fiir niedrige Sonnenhohen eine gewissc Abwcichang vorn Cosinusgesetz zeigen). 

Dieses Ergebnis sowic die gate Cbereinstimmang mit den gcinessenen Werten 
nach Reitz ermatigt ans, die (.S'-!-H)^-Karve der Abb. i als "Nonnalkarve” 
fiir ansere Betrachtangen des Strahlungsklimas der ICrdo aiiAUsehen. Das Ergebnis 
bringt Abb. 2 fiir einige Stiidte (wolkcnloso Tage): .S‘+//-Tage..''ammen; ebenfalb 
Abb. 3. 

2 .6. Einfukrung der "relativen Bestrahlimg” 

Nach der These des Vorwortes .sollte zwischen dcr za erwartenden (ilobalstrahlang 
(S-\-H)p und der extratcrrestrischen Bestrahlang (So) ein eager Zasainmenhiuig be- 
stchen; wir fiihren deshalb nach Fakai* die "relative Bestrahlang (.S'-f //)AVo ein. 
Dieser Quotient hat den Vortcil, dass er frei ist von ; Dimensionen, Winkelfunktionen, 
Entfernung Erde -Sonne. Die Werte fiir die Bestrahlungsstarke bringt Tabelle I, fiir 
die Tagessummen Tabelle III. Am Aquator erreichen danach naheza 80% rler extra- 
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tcrrcstrischen Sonnenstrahlung den Erdbodcni, jxjlwiirts niinmt dicser Prozentsatz ab 
und ist abhangig von der Jalircszcit. 

Alle bisherigen ('bcrlegungen bezogen sieli auf wolkcnlose Tage. 
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Al)b. 3. ck*r Tiigcssuminrn (kWh/mSTag). So' c»hnr Atm.; .S' [-If' am lirdbodoii fiir 

\volkt'nU)Sc i'tage; Kiistchrn Mossvvortc. 


TAIJJCbLR 111 

f.S-! //)/.S\, am KKDIumKN Bhl WOl.KliNLOSKM HIMMKL, HKKKCHNKT NAl'll OKN TAIJFJ.LKN V 

Mir. \XK()VIT('nb 



jf. Mitrz 

6. Mai 

jj. y«H. 

.V. .Imk 


*VoT' 

JJ. /),c. 

./. Frbr. 

Ndiilnul 


0.(11 

o.(iS 

0.(11 


-- 


— 

So 

0.50 

(1 ()2 

().()<) 

tl.(l2 

0.30 

- 

.... 

- • 

70 

0 f>o 

0.6<> 

0.71 

0.(K| 

0.(10 

o.,|0 


o..j(i 

60 

0.6(1 

0-73 

0.75 

0.73 

0.(17 

0.54 

0.47 

^55 

5 »' 

0.71 

0.7(1 

0.77 

0.7(1 

0.71 

0.63 

0.57 

0.(13 

40 

0.74 

0.7.S 

0.7S 

0.77 

0.75 

0.(19 

0.(15 

0.(19 


0.7(1 

0.78 

0.78 

0.78 

0.76 

0.73 

0.70 

<>73 

10' 

0.78 

o/g 

o. 7 g 

0.79 

0.78 

0 74 

0.74 

0-75 

JO 

o. 7 <j 

0.70 

0.78 

0.78 

o. 7 <) 

0.77 

0.7(1 

0.77 

\c|iicitor 

o.yg 

0.78 

0.78 

0.78 

0.79 

0.7S 

0.78 

0.77 

10 

0.79 

0.77 

0.76 

0.77 

0.79 

0.78 

0.78 

0-79 

20^ 

0.78 

0.7(1 

0.74 

0.75 

0.7S 

0.79 

>.79 

0.79 


0.77 

0.73 

0.70 

0.73 

0.77 

0.78 

0.78 

0.79 

40' 

50 ’ 

«-75 

0.72 

o.(>c> 

0.63 

0.65 

0-57 

o .(>9 

0.63 

0.74 

0.71 

0.77 

0.76 

0.78 

0.77 

0.77 

0.76 

60' 

0.67 

0 - 5.5 

(1.47 

0-54 

0.67 

0.73 

«.75 

0-74 

70“ 

0.()0 

0.4(1 

- 

0.4(1 

0.60 

0.69 

0.71 

0.69 

80’. 

0.50 





0.50 

0.(13 

0.(K^ 

0.63 

Siidpol 

- 

-- 

— 

- 

0.61 

0.68 

0.61 


jt.Marz 

A. J/rlf 

jj. Jum 

.V. . 4 ug. 

-.7- S'tf/X. 

»~lVov. 

JJrz. 

4. Feb 


Literal uv S. 75 



70 


R. SCHULZE 


3. EINFLUSS DER BEWOLKUNG AUF DEN STRAHLUNGSGEWINN DES ERDBODENS 

Als zweite wichtige Einflussgrosse fiir den Strahlungsgewinn des Erdbodens batten 
wir in der anfanglichen These die Bewolkung genannt. Die Sonncnstrahlung wird an 
den Wolken z.T. reflcktiert und in den VVolken z.T. absorbiert, so dass bei bedecktem 
Himmel oft nur 20% und weniger der Globalstrahlung den Erdboden erreichen. 

Fiir die Tagessumme kann man Mittelwertc aus langjahrigen Messreihen fiir den 
Bewdlkungseinfluss errechnen, denen cinige Genauigkeit (zumindest fiir Monats- 
mittel) beizumessen ist. Die Formeln gehen meist auf die. urspriinglichc von Ang- 
strom*^® zuriick. Vereinfacht wird das Problem, wenn man die relative Bestrahlung fiir 
den Zusammenhang Globalstrahlung und Bewolkung in die Rechnung cinfiihrt: 


s+H 

S, 




(I 


o.iif-o.sB*) 


Die Werte {S+Hp)ISo sind fiir jeden Ort der Erde und fiir jeden Tag bekannt ; B ist die 
Bewolkung in Zehnteln, wie sie laufend von den Wetterdiensten beobachtet wird. 

Fiir bcdeckten Himmel (lo/io Bewolkung) ergeben sich 28% der extraterrestri- 
schen Sonnenstrahlung, bei (.S-)-//)^/.So = 0.7. Bei 6/10 Bewolkung verdoppeln sich 
die Prozente. 
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Abb. 4 . Stiahlungsklima der Erde in caI/cm*Tag fiir Monat M'Arz. Oben: fiir wolkcnlose Tago 
(Verfasser); unten: mittlcrc Bewdikung (Black**), too cal/cni*Tag = J.i6 k'Wh/m*Tag. 
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Abb. 3 bringt Messergebnisse des Jahres 1951 fiir Stockholm, Washington und 
Leopoldville, sie sind zu Wochen- bzw. Dckadenmittoln der Tagessummen zusammen- 
gefasst (Kastchen). Ziim Vcrgleich ist die zu erwartcnde Globalst rah lung fiir wolken- 
lose Tage {S-\-H) niit eingczeichnet. Die Differcnz der Kiistchen gegeniiber 
stcllt den Kinfluss der Bcwcilkung dar; die Revvolkung senkt die relative Bestrahlung 
im Jahresmittcl auf 0.5; z.B. Stockholm: 0.49; Washington 0.53; Leopoldville: 0.44. 
Die Bewdlkung beeinflusst also die Globalstrahlung wescntlich starker als Streuung 
und Absorption in der Atmosphare und im Aerosol, wie es nach der These zu bewcisen 
war. 


4. EOLGKRUNCIEN FUK DAS STRAHLUNGSKLIMA DER ERDE 

Die bisher gewonnenen Zahlcnangabcn geniigen zur Beschreibung des Strahlungs- 
klimas. Fnir wolkenlose fage sind die Zcihlenwcrte der Tabelle II in Weltkarten cinzu- 
zeichnen (s. Abb. 4 und 5, oben). Fiir samtliche 'Page ist die mittlore Bewdlkung mit 
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Abb. 5- Oasglrichcwie Abb. 4, jcciochfur Juni. 



Hilfe der Bewdlkungsformel zu beriicksichtigen. Die unteren Karten der Abb. 4 und 
5 wurden von Black” gezeichnet; sie stellen praktisch cine Multiplikation der oberen 
Karten mit dem prozentualen Strahlimgsverlust durch die mittlere Bewdlkung dar. 
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Ihre Zuverlassigkeit hangt selbstverstandlich von der (ii'nauigkeit dcr Klinitadaten 
fiir die mittlere Bcwolkung ab. Es ist deshalb oft vorgeschlagcn wordcn, statt dcr 
Bewolkungsformel die sehr gut'bekannten ZusammcnhangeSonnonschcindauer-tilo- 
balstrahlung als Mass fiir den Einfluss der Bewiilkung zu benutzen. Leider licgen 
jedoch zur Zeit keine weltweiten Klimaangabcn iiber die Sonnenscheindauer vor. 

Besonders aufschlussreich sind Weltkarten fiir die relative Bestrahlung, die hier ans 
Platzmangel nicht gezeigt werden kdnncn. Fiir den Monat Miirz liiuft (.S'-t-//)/S'o = 0.3 
parallel zum Breitenkrcis bo“Nord; im Siiden 0.4 parallel zu 4o°Siid. Die Wiisten- 
gebicte hebcn sich durch Wertc iiber 0.7 hervor. Cher deni Weltinecre ergibt sich 
0.4 i o.i. 

5. ULTRAVIOLETTSTRAHLUNO 

Ahnliche tJberlegungen wie fiir die Globalstrahlung kann man auch fur <lie Ultra- 
violettstrahlung (0.29 // 0.4 it) anstollen. Das besondere Merkinal der Ultraviolett- 
strahlung gegeniiber der Globalstrahlung ist ihre hohe Streuung an den Molekiilen der 
Atmosphare, die nach kiirzeren Wellenlangen naeh clem Kayleighschen Gesi'tz um- 
gekehrt zur 4. Potenz zu ansteigt. Dies hat zur Folge, class die aus di*m Himmels- 
gewolbe zum Erdboden kommende U.V.-B-Strahlung meist 10 bis 20 mal starker ist 
als die direkte Sonncnstrahlung. Das Messverfahren muss also die' U.V.-Stralilung 
aus dem gesamten Halbraum 2:71 (Himmelsgewcilbe) empfangen. 

Das Meteorologische Observatorium Hamburg des Doutschc'n Wetterclienstes luilt 
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Abb. 6. Monatsmittel der Tagessummtm der tlltraviolettstrahhing, gemessen vom Deutschon 

Wetterdienst in Hamburg H<)55 'i95<j). 
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hierfiir die Larche-Kugel fiir gccigncl (Fleischer^-). Weitorc Messverfahren werdcn in 
den folgendcn Referaton bekanntgegcben. Die Abb. 6 bringt die Monatsmittel fiir 
die Jahre ig55“^059» wc sie vom Deutschen \Vetterdi<*nst im Meteorologischen Obser- 
vatorium Hamburg gewoniuMi wiirden. Die ob(‘re Darstellung gilt fiir das U.V.-B 
(klciiior als 0.32 //); der dritte Kiirvenzug von oben bringt Werte fiir das U.V.-A 



7 . T5i*strcihlunj?sst;irke des I’.V.- 
(r.V.-H)„: ohiu* Atm. (Nic<ilet >•*) ; 
(r.V.-n)o’: n. Streimn^^ and den Mok;- 
kulun*-*); (r : Normalkurvo 

dos L-.V -Ji; 'rriihiin|;skoi flizk*nt // 
o.i (llinzpetcr*). 



Abb. 8 . hcstrcililiini^Ksiarke des I’.W- 
Ik'zt'ichiujngen vvic in Abb. 7 . 
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(0.32 /*-o.4 ft). Die in Abb. 6 zusatzlich noch eingctragenen Quotienten geben das Ver- 
h^tnis zur Globalstrahlung an. 

5.1. U.V. an wolkenlosen Tagen 

Die Bestrahlungs.starken fiir U.V.-B sowie fur U.V.-A bringen Abb. 7 und 8 sowie 
Tabelle IV, analog zur Globalstrahlung fiir die extra terrestrische Strahlung (U.V.)o, 
Nicoleti®, nach Streuung an den Molekiilen (U.V.),, sowie nach Streuung und Ab- 
sorption in der Atmosphare und im Aerosol (U.V.)^*, Hinzpetcr’. Die Werte der rcla- 
tiven U.V.-Bestrahlung (U.V.)^/(U.V.)o (cbenfalls Tabelle IV) weisen auf den Untcr- 
schied der starken Schwachung des U.V.-B gegeniiber der wcsentlich geringeren des 
U.V.-A bin, wie es auch die Abb. 7 und 8 deutlich zeigen. Nach den Berechnungen 
sollte der Einfluss des Gebirges bci etwa 15% Zuwachs pro 1000 Meter Hohc fiir 
U.V.-B und etwa 4% pro 1000 Meter Hohe fiir U.V.-A liegen. Dies konnte vom 
Verfasser* durch physikalische wie auch biologische Versuche bcstatigt wcrdeu. Die 
U.V.-B-Bestrahlung.s.starke ist fiir gleiche Sonnenhohen auch fsist unabhangig von 
der geographischen Breite. Die geringere Ozonmiichtigkeit in den Tropen wird durch 
den hdheren tropischen Dunst ausgeglichcn (Biitlner^^). Im Herbst liegt die Bestrah- 
lungsstarke hoher als im Friihjahr (n. Griitz). Dor Dunst iibcr den Gros.sstadten ver- 
ringert das U.V.-B um etwa 10%. Mit 1000 m Hohe fiber NN steigt das U.V.-B in 
den Tropen um 20 bis 25% (nach Biittncr'-*) an; weitcre Einzelheiten s. VerfasscT**. 
Die U.V.-A Bestrahlung.sstarke zeigt diese Abhiingigkeiten in weit geringorem Masse, 
weil sie in der Atmosphare kaum Absorption erleidet — im Gegensatz zum U.V.-B. 

Die Tagessummen des U.V.-B fiir wolkenlose Tage kiinnen zur Zeit nocli nicht 
angegebcn werden. weil die Rechentabellen fehlon. Die Tagessummen des U.V.-A fiir 
wolkenlose Tage dagegen lassen sich nach dcr Formel von Bcrlage‘® und deu Tabellen 
von Milankovitch^ fiir einen Transmissionsfaktor T = 0.6 leicht als Anhalt berechnen, 

r.V.-.\ -= 0.5 (r.V.;A)« sin A (i -| o.7>/»<»*). 

Messungen des Verfassers an der See und im Hochgebirge bestiitigen sic. 

5.2 U. V. -Strahlung an bewolkten Tagcn 

Als Beispiel fiir die Tagessummen am bewolkten Tagen des U.V.-B sowie des U.V.- 
A kann die Abb. 6 dienen; die Tabelle V bringt im AiLszug deren Zahlen werte fiir 
einige Monate. Besonders aufschlussreich sind die Verhiiltniszahlen U.V.-B : U.V.-A; 
S-\-H, die durch die Theorie fiir die Bestrahlung-sstarken bcstatigt werden (fiir f>o°- 
Sonnenhdhe; i : 32 ; 540 und fiir 3o'’-Sonnenhdhe: i : 48 : Qioi. Die Unterschiede 

TABELLE V 

MONATSMITTEL DER TAGESSUM.MEN DER l^V.-B SOWIE DER IT. V.-A-STRAHI.UNG (kWh/ltl^Tag) 

CEMESSEN IN HAMBURG**, 1955-1959. 



Mdrt 

JufU 

Sepi . 

Dez. 

U.V.-B {kWh/m*Tag) 

0.0028 

0.0121 

0.0061 

0.0004 

U.V.-A (kWh/m*Tag) 

0.127 

0.289 

0.172 

0.020 

5 +// (kWh/maTag) 

2.280 

5.090 

3- 125 

0.381 

U.V.-B: U.V.-A; S ^ H 

1:46: 830 

1:24; 420 

I : 28:510 

1:54: 1030 
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beruhen auf dem Einfluss der Bcwdlkung. Die Werte fiir die Bestrahlungsstarke 
gelten fiir wolkenlose Tage unabhangig von der goographischen Breite; die Werte fur 
die Tagessummen sind Mittelwerte unter Einschluss der Bewolkung iiber Hamburg. 
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THE INFLUENCE OF THE ALPS ON THE RADIATION CLIMATE 

J. C. THAMS 

Thf Swiss Institute of Meteorology at the Loeariio-Moiiti Obsrrvatorv, 

Locarno- Mont I fSwiticrluncI ) 


What influence do the Alps ha\ e on the radiation climate? Two groups ol factors are 
of decisive importance: 

I. The shape of the terrain and the direction in which it slopes. 

II. The alterations in weather brought about by tiie .Mpine bai rier. 

The influence of these factors is \’crv different, the first being static and tlui seconrl 
largely dynamic in its effect. 

I. THE SHAPE OE THE TEKRAIN AND ITS DIKECITOX OK Sl.DPE 

How does the influence of the terrain .shape and aspect on the radiation cliinati* make 
itself felt? 

Except on the actual peaks the jialh of tin; sun is shorteiu'd for all other places in 
the Alps to a more or h-.ss considerable degree. 'I'he effect of this on all ('leincnts of tlie 
radiation process is extremely x-arious. It is particularly marked where any summation 
of amounts of daylight is involved. 

Let us consider in this connection the following elements of railiation; 

1. The duration of snnsliine. 

2. Direct solar radiation. 

3. Hadiation of sun i sky. 

4. Diffuse radiation of the sky. 

5. Circumglobal radiation. 


Duration oj sunshine 

The shortening of the diurnal orbit is limited generally to ihe early and late hours 
where the area is relatively open, but it may t'xtend to other pare-, of the orbit when- 
the terrain is particularly enclosed. There are an almost unlimited number of possi- 
bilities, and it would be a hopeless undertaking, for instance, to try and make a map 
of the Alps showing the iwitential duration of sunshine ( - effective possible duration 
of sunshine). This can b»* shown from two examj)les on the basis of measurenumts 
that have actually been made. 

Example i — (Magadino plain at the southern foot of the Alps). Wo have here a plain 
34 km2 in area, some 200 m above sea-level, with its longitudinal axis running roughly 
east-west. The plain is surrounded by mountain.; which reach a height of more than 
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2000 tn (Fig. I). In order to map the potential duration of sunshine, the line of the 
horizon had to be fixed at more than 70 points by moans of theodolites or instruments 
capable of recording the sun’s path. Fig. 2. in which the isohels for the shortest and 
longest day are given, strikingly indicates how complicated the sunshine conditions 
are even in the case of such relatively simple, topography^. 



Vi^. I . The ])lain *)f Magadino on the soutlierii foot of the Alps. 


Example 2 ( Ilaye de Mouireux on the- Lake of (icncvu). This example is much more 

romplicatecl Ixx'ause it involves not a ])lain but an area of complexly articulated 
slopes. 'Phe line of the horizon had to be fixed at 149 points in an area of 14 km^. Fig. 3 
shows only a section of this area. Certain simplifications were necessary here in order 
to make any record of the isoh(*ls. 

How, then, does this shortening of tlie suiCs path affect radiation? This seems to be 
an easy enough question as far as the duration of sunshine is concerned. Yet it would 
b(' a great mistaki* to assume*, for instance, that one (‘ould calculate the real monthly 
sums of sunshine duration simply by multiplying the mean values of relative 
vSiinsliine duration hir a representative station the potential sunshine duration 
for any station wh(*re orbit inea.suremeiits have been made, hor account must 
also b<; taken of the fact that the relative sunshine duration follows a marked daily 
course, having small values in the earlj' and late houis and high values during the 
midday period (Fig. 4). This means that the shortening of the sun’s orbit as a result 
of elevations of the horizon does not have as strong an effect as it would if there were 
no such variation in values throughout the day-. 
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One thing at least is clear. If the duration of sunshine is to be an expression of the 
cloud and radiation conditions, then for the Alpine region two kinds of data must 
always be known: the actual duration as measured and the potential duration as 
determined by the line of the horizon. Otherwise an entirely false picture will emerge, 
as one cannot determine how the values of sunshine duration have been arrived at. 


21 DECEMBER 



21 JUNE 



Fig. 2. Isohcls of the effective possible duration of sunshine on the plain of Magadino. 


Direct solar radiation 

The intensity of direct solar radiation is the only value which is not influenced by 
the topography of the terrain, and the Alps therefore provide an exceptional oppor- 
tunity for determining the dependence of radiation on height above sea-level, both 
in various spectral regions and in its entirety. The elevation of the horizon needs 
only be taken into consideration here if one wishes to calculate daily totals of radia- 
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tion without regard to the angle of incidence or the orientation of the radiated 
surface. 

Radiation of sun + sky, diffuse radiation and circumglobal radiation 

The influence of the horizon line is much more decisive in the case of radiation of 
sun "}■ sky, of diffuse' radiation of the sky alone, and of circumglobal radiation, 



Hg. 3. Isoliels of the effective possible duration of sunshine in the region of Bayc dc Montreux. 

because not only do the sun's orbits become shortened through elevations of the hori- 
zon, but a particular area of the sky is permanently covered. If the effect of this cover 
amounts only to a small percentage when the sky is deep blue and of relatively low 
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inteiisity, it reaches figures which ciui by no means be neglected when there is haze or 
more particularly cloud. It then does not e\-en matter greatly in which (juarter the 
mountain cover lies, since with even cloud radiation is .so strongly and so homogene- 
ously .scattered that it is not markedly heavier from any particular side (Fig. 5). How 
closely the screening effect is connected with the proportion of diffuse radiation of the 

LOCARNO-tlONTI LES AWITS 

3S0fn/M 980 




Fig. 4. Tlu' diurnal variation of the ndalivc duration of sun.shino in tin* \lps at Lo< arnf>Monti 

(380 in) and at (-rs .\vants (oSo in). 
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sky ill the total radiation can bo sliown from an example of circuniglobal radiation® 
(Fig. b). Here a part of the northern horizon was covered wliich did not effect the 
length of the sun s orbit. As between a cloudless and a covered sky the radiation lo.ss 
increased from 3 to 15% on a yearly mean. 

llie configurations of the horizon are so extremely varied in the Alps that it is 
('xtraordinarily diflicult to attain strictly comparable values for the elements of 
radiation wherever diffuse radiation is involved. It is as easy to establish, for instance, 
the relationsliip of direct radiation to height as it is difficult to establish this same 
value for global radiation, diffuse radiation of the sky, and circumglobal radiation. 
One possible solution would hv, to work with artificial horizons. In addition to the 
dominating influence of the topography then' is also that due to the direction of slant. 
Larg(' horizontal surfaces are rare in the Alps, particularly at high altitudes. The im- 
pact of radiation differs Irom that on a horizontal surface, however, according to the 
degree to wliii li the plane is slanted and orientated. I'liis is eciually true, of course, 
both for solar radiation and for global radiation. As an example the global radiation 
of a 25"" slope facing south may be cit('d (Fig. 7)^. Diffuse radiation plays an important 
role here to the extent to which it evcais out thi; differcnci's of various slope slants and 
dircictions. 

Summarizing, w^i fii5.iiy affirm that the shape of the h'rrain and the con.sequent 
elevation of the horizon, together with the direction in which tlu' terrain slants, act as 
constant factors very considerably on the radiation climate, h'rom what has bc»(»n said 
hen* it should also Ix' clear that the topography and disposition of terrain is so varied 
in tlu' Alps tliat we can onl\* succeed in reoreseiiting the radiation climate of individual 
places and not ol whole regions. 'I'hus the aim of geographical climatology, which is to 
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represent important elements in cartographical form, here largely proves to be unat- 
tainable. 

II. THE ALTERATIONS IN WEATHER BROUGHT ABOUT BY THE ALPINE BARRIER 

Flohn, Lauscher and SchiieppS have attempted to represent the weather conditions 
for Central Europe on the basis of a kind of dynamic climatology, investigating 
primarily the effect of the more imfiortant general weather situations on the course 
of the weather in individual areas with their peculiar topography. Hoinkes" has also 
indicated how extraordinarily complicated the relationships are between small-.scale 
and large-scale circulations in the Alps. We cannot ho|)c to show here in detail the way 
in which the course* of the weather is modified by the Aljis. We shall deliberately 
concentrate on a few processes which essentially alter the radiation climate. 

The first thing to be mentioned is the marked fluctuating interaction between 
“fbhn” and “stemming” situations, which not only influences the radiation climate 
but also has a decisive effect on the whole climate both north and south of the Alps, 
and in conjunction with the situation and shajx? of the terrain produces distinct 
climatic oases. With regard to its effect on radiation conditions, the plu'nomenon of 
the northern fbhn in Switzerland has already been the object of ]>arlicular study. 
Scries of mea.surem<‘nts are available for many j’ears, togethc'r with special in\('sti- 
gations during the International (leophysical Year. 

It is well known that when cold-air masst's are brought in by north-west air curn'iits 



Fig. 7. The annual variation of the radiation of sun 4- sky on a horizontal surfaces and on a 
southern slope of 25 degrees at Locarno-Moiiti. 
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the pressure on the northern side of the Alps rises, while on the southern side it 
drops even in the low-lying areas. Pressure gradients are produced which can be as 
great as 10 mb/ioo km. As the cold-air mas.ses flow over the Alpine ridge they lose the 
major part of tludr humidity through being forced upwards, and then under the 
influence of adiabatic warming they penetrate into the southern Alpine foothills and 




Fig. 8. Vapour pressure at lx>carno-Monti (380 ni). 


on into the Po plain. The air masses may be dried to a very considerable extent, 
depending naturally on the area in which they originated. Thus, on the southern side 
of the Alps at a height of 400 m and at an air temperature above 0° vapour pressures 
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have frequently been recorded of less than T mm Hg, while pressures of less th.an 2 mm 
Hg are altogether usual (Fig. 8). The air is then extraordinarily pure and transparent, 
so that visibility seems to be almost unlimited. 

The effect of a northern fohn ean best be demonstrated by an actual e.xample. 
During the International Geophysical Year numerous measurements of the intensity 
of direct solar radiation were made simultaneously at three places on the southern 
foot of the Alps — at 380, 1040, and 1630 m abo\’e sea-level. Let us take a day in June 
and represent intensity as a function of the time of day (Fig. ()). .'\part from the 



0 rhe* infliic-nci* of the fohn on the intensity of the direet sun nuliation (soiitluTn slope til 

the Alps). 


absolute high values it is surely .striking how closely the cur\ es follow one anotluT for 
the different heights, ff on top of this famil\’ of curves is plolteci the intensities which 
according to the investigations of F. Steinhauser are t«) be expected on average for 
lUesfc \\e\g,Vv\,^, \\. \,\\e, curve lor 5^0 ru wrlh uorlhc'-A lohn comdtles 

with the curve for 1630 m under normal conditions’. The v'npour pressun; on this day 
(June loth, H)59) wa.s appro.v. 4 mm at both hcigltts, which is an <.‘.\traordinariIv low 

valiio far rn above sea iev't*/ .it ;iii air teinf>era£iiie of unmmi 20*^. The intensitv of 

direct solar raillatlon at the southern loot of the Alps has been regularly recorded lor 


wjvs.urwuvuts'iW loMowmg n\chire emerges- 
o„ da^ „h» U.orc is northern tdhn, and also in certain anlicyclodo rf,„o,i„„s (Whn 

which correspond to a height of more than 1600 m«.». In Fig. 10 records over a long 





THK ALPS AND THE RADIATION CLIMATE 


85 


period of direct solar radiation at Davos and Locarno-Monti have been collated which 
make this situation clear. Since northern fdhn is a very frec.|iicnt phenomcn except 
during the actual summer months, the entire radiation climate is considerably 
affected by it and something resembling a radiation oasis is created. To what extent 



AIR MASS AIR MASS 

Mg lo. 'riu‘ inlrnsily <if llu* direct stdar racliatum on days with iiorth<‘rn fdhn at r-orarno-Mf)riti 

111) and at Davos (1560 ni). AviTagi* values. 


the same efft'ct operates al.so for southern fohn, which would affect the northern 

of the Alps^ has still to be examined. Unlortuuateh', in Switzerland there arc 

not ade(juat(i records for this piirpo.se. 

Imr northern fdhn numerous e.xperiinents have also been made on the intensity of 
‘lirpct solar radiation in various si^ortral regions (yellow and red filter), but the results 
are still under analysis. 
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The pvrity and lack of water vapour in the air which are brought about by northern 
f 5 hn naturally have an effect on all other elements of radiation. They increase the 
components of solar radiation in the case of radiation of sun f sky, whereas they 
considerably reduce those of diffuse radiation of the sky. The smallest values for 
diffuse radiation of the sky are found during northern fdhn. 

What is true for global radiation is true also for circumglobal radiation. As a result 
of the large proportion of solar radiation in global radiation, or alternatively in 
circumglobal radiation, the maximum values here too belong to northern fdhn 
situations or anticyclonic situations. It is thus not the case that the decreased compo- 
nents of solar radiation under haze conditions are always entirely compensated by 
increased diffuse radiation of the sky. Apart from the actual hihn wall along the 



Fig. 11. The influence of the nortliern ffthn on ultraviolet radiation of the sun (midday- values). 


Alpine ridge, diffuse radiation of the sky can undergo very considerable increase as a 
result of cloud in northern fdhn situations. Fdhn clouds are often brilliantly white and 
particularly in the neighborhood of the sun they have a remarkable jHiwer of radiation. 
We shall have occasion to return to this problem later. 

The maximum degrees of intensity of heat radiation from the sun. which occur in 
northern fdhn situations, are not found in ultraviolet radiation, although here too 
considerable variations occur according to the degree of purity of the atmosphere. 
The highest intensity ever mea.sured at the southern foot of the Alps at about 400 m 
above .sea level was 275 Davos units, whereas the average intensity for June in Davos 
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amounts to nearly 400 D.u. (Fig. ii)****^^. The explanation for this difference is to be 
found in the fact that the intensity of ultraviolet radiation is primarily conditioned 
by the length of the atmospheric layer penetrated, whilst the total radiation of the 
sun is dependent above all on the vapour and haze content of the air. 

Let us return to the northern h'ihn situation and examine its effect on cloud con- 
ditions. Air masses which are descending and incri^asing in ti‘mperature adiabatically 
ha\’(‘ obviously a strong ])ower to dispel cloud Jind. without fohn, cloud formations 
and therefore also tlu* radiation climate would be quite different on both the north 
and south sides of the Alps. In the jieak districts and generally also in the passes 
fohn and “stemming” situations produce the same effect, however, — an almost 



Pig. I J. I -iMiticuhir wavi* c'loutls <liiriiig a situation <>f norLlu*rn tiVin at I-,(»carnu-Monti. 


closed cloud ct'iling. The kind of cloud which forms is also modified by fohn. In 
descending masses of air mid-h'vel cloiuls are chiefly found, amongst them the charac- 
teristic Altocumuli lenticuluris (Fig. 12). In the valley are.Ts of the fohn zones closed 
cloud banks art! rare. This is important for the radiation climate inasmuch as diffuse 
radiation increases sharply up to a certain boundarv value of cloud density and beyond 
it decreases again (Ing. 13). At about 400 m our investigations show this value to be 
approx. 5 /To, at 2000 m Dirrnhirni- ^ives about q/io. 

The counterpart to the descending air masses is the “stemming situation, where 
comi)act masses of cloud cause a considerable decline in radiation. Duration of sun- 
shine and direct solar radiation decrease to o, while only about 12% or less of the 
global radiation possible on cloudless days is allowed to pass in the low-lying areas^^^ 
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Unfort nnately no systematic investi^^ation into tlie power of “stemming’' situations 
to cause cloud layers in the Alps has been carried out, so that no comparison is 
possible with conditions in non-mountainous areas. 

It would be of great interest to know the entire cloud patt(*rn ovTr the Al[)s in 
fdhn and “stemming” situations. This could not possibly be nchiev'^fxl, of course, on 
the basis of observations from individual stations, but modern high-altitud(‘ photo- 
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Fig. 13. Tlu* relation .sky radiation and cloudiness on diffcM'onl altitudes. 


graphic techniques make it a feasible project. Certainly the influence of a mountain 
range on air currents and therefore on cloud fields extends much higher and further 
than used to be suppo.sed. Published material gives the height of influence at ten 
times the relative height, apd the breadth bf the fbhn and "stemming” areas at fifty 
times the relative height®. 

Although feihn and "stemming” situations are the mo.st impre.ssive examples of 
weather proces.ses brought about by the Alps, they are of course not the only ones. 
Every movement of fronts and air masses is modified by tla; Alps to a greater or lesser 
extent and influences radiation conditions***. The Alps constitute a mighty barrier 
against cold air masses from the northern sector, a fact which .show.« up not only in 
the smaller quantity of cloud but also in the predominance of medium cloud at the 
southern foot of the Alps. Amongst the large-scale factors should be mimtioned 
primarily thunderstorms, which become intensified on the southern Alpine sloi)es 
through the forcing upwards of moist -labile air masses. 'I'hey chicdly work themselvc's 
out in the outer Alpine regions. About 25% of all thundenstonns at the soutlu-m foot 
of the Alps occur in "stemming” situations*®. But it is also important not to under- 
estimate the role played by local thunderstorms which are clo.s(*ly associated with 
particular topographical conditions. If one wishes, however, to determine the in- 
fluence of these storms on the radiation pattern, one must take into account the 
diurnal variations in such storm behaviour, in the same way as with other meteorolog- 
ical elements. It is clear, in fact, that storm activity and therefore also precipitation 
are at their maximum during the evening and night*®-**, thus, on the southern 





the ALPS AND THE RADIATION CLIMATE 


89 


Alpine sloiws we find the climatological paradox that heavw precipitation can coexist 
with long duration of sunshine. Heavy rainfall during the night his a purifying effect 
on the air, becau.so it washes away dust particles, with the result that vtTV high degrees 
of radiation intensity are often recorded on the morning following thunderstorms and 
heavy ram. 


Amongst the phenomena which determine the radiation climate we should also 
mention particularly orographic clouds, which are not only important in slope and 
peak areas but extend far beyond the actual mountain range affected, taking the form 
then of wave clouds. 'I'lie slope cumuli which form mainly in the summer also raise 
noticeably th(> intensity of diffuse radiation in valley areas. 

One further influence should not be forgott«>n. - namely, that due to the local 
systems of winds which are extremely numerous in the Alps. The valley and mountain 
wiiuls which blow up atul down the large valleys, together with the slope winds, bring 
about a thorough mixing of the air masses, and as a result the transmission of radia- 
tion through the valle\’ air is increased. I f the air stagnates, highly developed layers of 




iMg. 14. The* ^Idbal radiation and the* tliffiisr i:lrar-sky radiation undc*r diffi?rc*nt conditions 

of turbidity (Locarno-AUmti) . 
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hazt; and dust can form in the valleys, which may hist for weeks according to the 
weather situation, particularly in the winter months when there is only slight vertical 
movement of the air masses. Hut even in the summer months stagnating air masses 
are found in valleys that are very largely enclos«'d. They naturally affect above all the 
intensity of direct solar radiation, and also that of global radiation. In the case of 
global radiation the total intensity of sun and sky on days of heavy haze is often the 
same as the total for clear days, but the projwrtions of solar radiation and radiation 
from the sky are very different. A characteristic example of this on the r7th and i8th 
July 1958 at the southern foot of the Alps is gi\'en in Kig. 14. I f one draws the relation- 
ship of radiation from the sky to solar radiation for both days, it becomes even clearer 
how greatly diffuse radiation is increased by haze. In passing it may also be ol)ser\’ed 
that smoke-producing industries which are locfited in valleys can \'ery much alter the 
radiation climate. 

We have already di.scu.ssed the influence of the a.spect or “slant” of terrain. 'I'liis 
effect can, however, be considerably altered by the condition of the ground surface, 
— in partictilar when it is covered with snow. Already at iboo m the proportion of 
snow in the overall amount of precipitation is 50%. As is well known, tlu- rcfh'cting 
power of snow varies between wide limits. Old snow has an albedo of about <)o‘’/„, hut 
this value can rise to in the ca.se of fresh snow. Reflection from snow oiieratcs 
in two ways : 

(1) through radiation from the mountain-side and the x alley floor, 

(2) through multiple reflection, /.c. mutual reflections between snow and clouds, of 
the kind indicated particularly by Gotz’". 'PIm' additional radiation from tlu‘ mountain 
slopes has a perceptible effect on global radiation; the total reflection of the snow can 
be much better comprehended from a biological j)oint of \’iew with regard to circum- 
global radiation, which we can nowadays measure in such an elegant manni*r by means 
of the Bellani distillation lucimeteri**'-o 

Multiple reflection is particularly striking when there is homogeneous cloud, wIh'u 
it can reach remarkably high values. \’ery Targe interdiurnal variations occur when a 
relatively thin la\'er of snow melts away within a few hours, due p{nhai)s to hihn, and 
the only reflection then is from grass, forest, and stone surfaces. 'I'lu' whoh' prol)lem 
of albedo in its bearing on the balance of radiation is most complex, and lar too little 
understood to allow any quantitative statements to be mad<‘-' 

If we review all the factors which influ<;nce the radiation climate of the Alps, Hum 
we .see that it is not simply the absolut<; x’alues of tlu* \'arious radiation elements which 
must be taken into account, but abo\'e all the dtigree to which these \’alues var\'. 
Whether we stand at the northern foot of the Alps, or at the .somhern foot, or in the 
central massif itself, w'C find a distinctly bracing climate with regard to radiation. 

We have here been able only to sketch in rough outline the effect of the Alps on the 
radiation climate. In order to gain a complete picture, two conditions would have to be 
fulfilled: 

(1) extension of the network of stations at w’hich radiation is measured, 

(2) the most thorough understanding possible of the individual elements of radia- 
tion. 

Above all, close cooperation with the new stiuly of synoptic meteorology should be 
aimed at, a branch of research which is unfortunately still in its infancy. 
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SUMMARY OF l-IXTURK 





Fig. I. Daily global solar radiation (cal /cnr-'chiy). A, VVaki. Island (I’acific ( )cc‘an) - 19^48' N. 
^ 166 '’35' K.; JJ, Jmisaicni, 1939; (', I-od, 
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Kadiation measurements an* available from stations located in Arizona, New Mexico 
and California, the subtropical parts of the l-nited States. Their agreement with data 
obtained from Jerusalem is very good. In both of these regions, solar radiation attains 






1 . Daily global solar radiation (cal/cni^ day). A, Seattle*; D, Mrdford, Oreg.; C, Fri*sno; 
• 1), Dos Angeles. 


values of 730 cal/cm*-* • day on long summer days (14 h), and in winter drops to about 
270 cal/cm-^ • day. 

'I'he subtropical summer in Jerusalem is clear, cloudless and dry, and the monthly ra- 
diation is as high as 12,000 cal/cm-, while in winter, which not only has shorter d«iys, but 
also is the cloud v and rainy season , radiation reaches values of 8500 <)000 cal/cm^-month. 
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TABLE I 

JERUSALEM HOURLY GLOBAL SOLAR RADIATION (SUN it SKY ON HORIZONTAL SURFACE) (cal/h Cm®) 
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Trieri'fore, the annual solar radiation per cm- attains a value of lyo - lo®-- 200 10® 

cal of total global radiation, including the diffuse component. The value of the latter 
is low in summer, being less than 100 cal/cm®'day, while during the cloudy months it 
can reach a monthly mean of 200 cal,'cm®-day (max. in April), see Fig. 7. 

A comparison of subtropical values between the northern and southern hemispheres 
sliows the results of ob.servations taken in South Africa between latitudes 22°S and 
jj”S. It is clear that in South Africa there exists some factor which attenuates the 
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radiation even in high places such as Windhoek and Pretoria. 1 tend to the opinion 
that over the subtropical parts of the African continent, in both hemispheres, there 
is a heavy pall of dust which attenuates radiation. In North Africa this appears ob- 
vious, at Tamanrasset in the Sahara, on the Tropic of ('ancer, 1400 m al)ov(‘ M.S.L. 




month 

Hg. 3. Daily global and diffuse solar railiation (cal/ciTi--day), in South .Vfrica. 

as in the South, at Windhoek on the Tropic of ('apricorn, at about the .same altitude. 
While discassing Africa, it is of interest to note th(‘ radiation near the etpiator in 
Leopoldville, Congo, as compared with that of Djakarta, located in the same latitufle 
(6°S). The scattered radiiation is much higher here than in either -n the subtropics, 
while the yearly global radiation is about do% lower than in the subtropics. 

COMPARISON Ol* RADIATION VALUES BETWEEN JERUSALEM AND THE TE.MPERATE ZONES 

The numerous observations in Kurope and North America enable us to draw a clear 
picture of the radiation distribution compared with that of the subtropics. In summer, 
because of cloudiness, radiation is weak in the temperate zones in spite of the longer 
days. The radiation deficiency is even more pronounced in winter as a result of low 
sun, shortness of the day and the luiavy cloudiness. In winter, radiation drops off to 
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zero as the Arctic Circle is approached. North of tiie Arctic Circle there is no radiation 
at all during the winter. On the other hand, recent observations made beyond the 




19 * 3 / 1958 

month 

rig. 4.A. (Uobcil solar radiation (ral/cni‘--<lay) ; t, Jorusalom ; 2, Woissfliijoch ; 3. Davos; 4, Fair- 
l)<inks; "), Helsinki; l-erwick; 7. De T 3 ilt; 8, Diffuse, 

h'ig. 4H. y, Athens; 10, Koine; ii, (idyiisk; 12, I’ccle; 13, Visby. 


Arctic and the Antarctic Circles show that in summer there exists definitely high 
radiation. Liljeqiiist's observations in the Antarctic, and measurements from Alaska 
on the edge of the Arctic Sea show values for clear J4-h periods which approach those 
of subtropical radiation. 

Recent observations at Kew Ob.servatory and at Lerwick in the British Isles show 
that there is little variation in radiation between latitudes So'^N and f) 0 °N. The radi- 
ation in the south is weakened by industrial pollution of the air, which causes suffi- 
cient extinction to reduce radiation to values measured 10 degrees farther north. 
This effect is also noticeable at De Bilt in The Netherlands and Brussels. On the other 
hand, observations made at Helsinki and Stockholm (in Europe), and at Fairbanks, 
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Alaska, shoA' radiation values higher than those of Western Kiirope. The values meas- 
ured at Stockholm, Helsinki and Fairbanks are practically identical. On the average, 
for all tvpt-'S of weather, the summer noon radiation is bo cal/cm-'h, and on clear d,'iys 
radiation is even higher. The Kus.sian observations in Europe and Siberia during tlie 




hours 

Fig. 3. IJourly solar radiation in Storklndin and Fairbanks (t al/li oni-). 

KiY also show that the radiation charts publislu'd by Black in 195(1 and by Budvko 
19.55 completely neglected the great intensity of sumnu'r radiation in th(* far polar 
regions. This intensity seems to have a significant influence on th. vmal conditions 
both on land and sea. 

ConiparLson between radiation in the Alps and in the subtropics is of gr<*at interest 
too. The radiation observed at altitudes of i ()00 m and jooo ,ii ( Davos and W<!iss- 
fluhjoch) is stronger than any ever observ(id in the lowlands and apT'roaches subtropi- 
cal values. 

Hitherto, we have discussed caloric radiation, including the infrared and the 
visible spectrum, to the e.xclusion of the shortwave ultraviolet radiation. The infrared 
takes up about (> 5 % of the total sjiectrum. In addition, the visible part of the. spec- 
trum is observed separately, in units of illumination. 

Light 

Light intensity is measured by means of a selenium photo cell. About forty years 
ago, Carl Dorno introduced observations by means of the Eder-Hecht "graukeil 
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6A. Daily global and diffusi* solar radiation (cal/cni--day). Station: TJccle, Bidgium, lat. 
5o^^S' N., long. : 4^21' E., H (m) : 100. 



hours 

[*'ig. Hourly global solar radiation in IJccle (cal/li -cm*). 



Fig. 7. Annual distribution of global and dif- 
fuse solar radiation, and spectral subdivision. 
Y - yellow filter OGi; JK - red filter RGg; 
1 ) — diflliise radiation; G-Y gUdial minus 
yellow filter (corrected) ; all values in 
• cal/cin 2-day. 



month 


Fig. 8, Jerusalem, daily light amount 
on different walls (klux-h/day). 


photometer” in various places throughout the world. However, this method of 
measurement has been discontinued. Today light measurements are conducted in 
only a very few places. In the temperate zones, observations were taken during last 
years f^t four stations in England and a few stations in the United States. Observa- 
tions were also conducted in Vienna and a few other places in Central Europe. 
In Fig. II we see a comparison of the yearly variation of light intensities at Jerusalem, 
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Fig. qA. Solar radiation in Jerusalem on dif- Fig. 9H. Annual solar radiation on different 

ferent slopes in June, December, March and slopes of 8 major directions in Jerusalem (cal/ 

September. • cm''veai). 


Vienna and Kew. It is apparent that the daily amounts of light at latitudes 50°- 
33‘’N in winter are equal to the summer values of 53°N, while the amount of light 
measured in the subtropical summer is times greater than at 3o°N. 
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Wo have computed the daily and monthly intensities of radiation and light incident 
iijion unit areas, orient(‘d in various directions and tilted at varimis angles between 
the liorizontal and llie x^rtical. rhest* values are of groat biological importance. 

Figs. 8 and g stress tlio biological importance of light and solar radiation distribution 
on walls of buildings and on natural slopes. 
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SEASONAL VARIATION IN THE ULTRAVIOLET AND INFRARED 
RADIATION FROM SUN AND SKY AT COPENHAGEN* 

INGRin EBUKSKN 

Isotope Laboratory and Department of Medicine, Fiiiseit Memorial Hospital, 

Copenhagen (Denmaik) 


Continuous recording of the amount of ultraviolet sun and sky-radiation in the range 
3,100-4,000 A falling on a horizontal surface element was started in kebruary 1955- 
From May 1956 another measuring apparatus registering solar and sky radiation in 
the 2,900-3,100 A range. For the last year a third apparatus measuring infrared 
radiation in the range 7,500-11,000 A has been working. All three recorders are of 



Fig. I . Measuring apparatus. 


similar design, and as the measuring equipment has been described in a previous 
paper, I shall not repeat the details but only show a block diagram (Fig. i). 

Each of the three recording units is made up of a photoelectric rell provided with 
a filter connected by coaxial cable to the click-machine, consisting mainly of an 
integrating circuit followed by a D.C. amplifier and a trigger circuit. By means of a 
relay this will send impulses both to a total counter and via a pair of uniselectors to 
one of g6 other telephone-counters. A new counter is switched on every quarter of an 
hour. The diagram shows only two of the recording units and the main voltage supply. 


* .\ided by a grant from Statens Almindelige Viden.skabsfond and the Finsen Memorial Hospital. 
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While the two first units are provided with ultraviolet-sensitive cells UNG 7, the 
third one is furnished with an infrared-sensitive cell (Vacuum type) R.C.A. number 
.)r7 and a corresponding filter O.X.5 manufactured by Chance Brothers. 

For practical reasons the integrating circuit has been altered so that dead time has 
l)Ot*n dirninatccl (Fig. 2). 


i |E60C130ir 


85V 

82 -84V ’9i:iVGU, 



Coaxial cable 
to cell 


Ito integrating 
circuit 

R^RL 3 r From mam 

-i voltage control 

Battery 40V 
nifi ^ h?6Vc 


Imh 


Ve V9 V7 i-flOF Philips or Mullard 

•vl-'.fs \AiZ8030 

sVf, «“*g3 icl»^ V9 St Fl Co Bnmar 

rv g?* g1 sr-it ^ --k JR TFA H34 

ffovdt Moval Miniature SR E60 

HR „ 1.60 

NR St El Co minirelay 4 av coil 

2 . Measuring appamtus witfi iiuxIilitMl intrj'rating ( ircuit. 


Instead of one, there are now two condensers, one ('.i . - is being charged to the 
normal voltage, while thi^ other - C, 2 . --- is conm'ctt'd to the photocell. With (‘very 
click, a fast working relay changes the condenser’s position in tlu* circuit. 

I'ig. shows th(i total ultraviolet ('nergy n^gistered each month, 'flic measurements 
have been carried out for 3 yc'ars. bt‘ginning in March i()53. The total number of 
counts for that month was 140, oex) but nearly tlirei* times as much was registered in 
April. In May and June then* was still a .signilicant increaM , and the maximum 
value of 721,000 cemnts occurred in July. In the following mc».dhs- August, Sep- 
temlxT, October and Nc^vemlx'r tin* values decreased, the minimum value of 4(1, 000 
counts occurring in l)('cember. 

The diagrams for the following years show nearly the same pattern. Maximum 
values occur in June or July, minimum values in December or January, hrom the.se 
figures it is easily deduced that most of the* ultraviolet radiation received at this 
geographical location occurs from March to October. 

hdg. 4 shows the same mi^asuremcmts in another form and the great difference be- 
tw'een summ(‘r and winter is mon^ clearly demonstrated. In 1959 clear 

most of the time from March to November. The increase from March to June and the 
decrease from August to the beginning of November was nearly uniform. The maxi- 
mum value of 1 million counts which occurred in June was the biggest ever registered. 
The tendency for this yi^ar .seems to be similar but the values for June and July 
.show something (]uitc different. 

In June I95() the recording of l^V. sun and sky radiation from 2,()00 3,100 A wa.s 
commenced (Idg. 3). A month by month record over 4 years is shown. In this figure 
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the minimum of approximately 5,000 counts is found in December, wliile maximum 
values of 45,000- 119,000 counts occur in June or July. 

Fig. 6 shows a record of infrared in the region 7,500-11,000 A from two separate 
days: June 22nd and December lith, 1959. In June the radiation started at 3 a.m.. 



Jan Feb March April May June July Aug. Sept Oct Nov Dec ' 
Fig. 3. Total ultraviolet energy recorded from month to month. 


and until 9 a.m. there was only a moderate increa.se from one quarter of an hour to 
the next. From this moment the values went up very steeply until n<K)n. 1,529 counts 
were registered between noon and 12.15. Then came the decline: at first very slowly 
(first two quarters of an hour) and thereafter a regular fall from one 15-min period 
to the next, until 17.30. Zero was reached at 21.15. The total number of counts for the 
day was 35,836. On December nth the infrared started at 8-8.15 and zero was 
reached at 16.15. The maximum value for a single quarter hour was 18 counts, the 
total number was 330. 

A month by month record of infrared radiation from June ist, 1959 to the end of 
May i960 is shown in Fig. 7. 



SEASONAL VARIATION IN U.V. AND I.R. RADIATION 
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I he total number of counts for June was <)04,ooo; in July the values wore slightly 
lower, llien followed an almost regular decline until November and in December 
minimum counts were registered. January this year wjis a great deal better but 
February shows twice, as mucli as January. iMom 1‘eluTiarv to ]March we have the 
steepest increase and in May the maximum valui‘ of f),{o,ooo counts was obtained. 



I'ig. 4. Tola! ultraviolet energy. 


'riiose measun-ments cannot bo looked upon as tx pical for l oponhag(‘n, as the weather 
during the period was far better tlian normal. It is out intention to continue the meas- 
urements for some; years in order to obtain mean values. 

b'ig. 8 shows a dail\- record of th<‘ total counts for our selec'ted wavelength ranges. 
The abscissa represent the dates, the ordinates are arbitrary units for the three dif- 
ferent spectral bands, the top one rciuesenting the range 2,()00 4,000 A, the middle 
one 2,c)Oo-3,ioo A and the lower one 7,500-11,000 A. The measurements cover the 
period June ist, 1950 to the end of May ipfio. It can clearly be seen that the daily 
variations generally correspond for the 3 spectral bands. The relative increase or 
decrease from one day to another in the two U.V. ranges are similar, while the corre- 
sponding variations in the infrarc'd band arc more pronounced. For example on May 
18th, the total U.V. radiation registered was 11,000 counts, the following day shows 






I'ig. 7. Month by month rcconl of infrarod radiation Iroin Juno ibt, 1^59 to May 31st, 19O0. 

x10?| 



Fig. 8. Day l)y day n'cord over tho same period as F*ig. 7. 
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42,000 counts. The corresponding values in the 2,000 -3,100 A range were 1,200 and 
4,200, while the infrared values were 7,500 and 36,500. 

These figures show that the really bad weather in May reduced the radiation in the 
infrared spectral band to 20%, while the U.V. radiation was at the same time only 
reduced to 26%-2H%. 

()n December Qth the lowest values in all three spectral bands were registered. 1 he 
total U.V'^. was 498 counts, the value for 2,900-3,100 A was 55 counts and the infrared 
was 319 counts. The highest figures were obtained on June 22nd, 1959, and were 
4-2.5*'^7; 4.951 and 35.^36 respectively. 

Fig.. 9 shows the maximum values recorded for a single quarter of an hour out of 
each 24 hours during the same period and for the same si^ectral bands. 'I'he variations 
are much less pronounced than in the total daily values. 



June July Aug Sepl Oct Nov Dec I Jan Feb March April May 

1959 I 1960 ► 

I 

Fig. 9. Maximum recorded values for a singhi quarter of an hour out of each 2 .\ hours. 


The National Bureau of Standards in Washington !).('. was so kind as to carry out 
the arduous ta.sk of adjusting a reference mercury quartz burner for ea<'.h line. The 
output of the burner is constant through 100 working hours provided that the burner 
is kept at a constant level. It was, indeed, a great advantage to be able to check the 
performance of the entire equipment. Monthly checks reveal nojehange in the sensitiv- 
ity. All measurements are given in arbitrary units accurate to within 2%. 

Our aim in carrying out the.se measurements over a number of years and in con- 
tinuing them, is to obtain real mean values and especially maximum values, i.e. the 
values to which the human organism is exposed. 

I.ater, I hope to be able to carry out similar measurements on the different arti- 
ficial light sources used in therapy. By comparing these mea.surements with those for 
natural light, it may be possible to develop a dosimetry. 


VARIATION SPECTRALE ET REPARTITION ANGULAIRE DU 
RAYONNEMENT ULTRAVIOLET DU CIEL 

JACQL'KLINK I.ENOlU.F. 

Laboratoire de Physique du Museum , Paris ( f' ranee) 


Un programme d’dtude de la luminance ultraviolette du ciel a 6t(5 entrepris au 
laboratoire de Physique du Mus< 5 um dans Ic double but d'obtenir par temps tres clair 
des rt^sultats permettant de contrdler les calculs tlieoriques, ct de mettre en Evidence 
les modifications apport^es par la pollution atmospheririue, la brume, les diff^rents 
types de nuages. 

En effet la rdgion ultraviolette du sptictre semble sp^cialement av’antageuse pour la 
v(^rification des rc^sultats tlieoriques concernant la diffusion Rayleigh, puisque le role 
des diffusions mJihi<>1"s qui constitue le point d( 51 icat de la theorie devient de plus en 
plus important vers les courtes longueurs d’onde. D’autre part I’tHude des variations 
du rayonnement ultraviolet suivant les conditions mdteorologuiucs prdsente a la fois 
un inter^t pratique Evident pour 1’ utilisation Ih^rapeutique de ce rayonnement et une 
nettc utilitti pour orienter des dtudes th^oriques tenant comptc de la diffusion par les 
aijrosols; la connaissance de ces viuiations doit permettre aussi d’appliquer des cor- 
rections plus precises a ux dosages d 'ozone faits par spectroj)hotom6trie du ciel zi^nithal 
convert. 

f.TUDE DE LA RliPARTITION SPE('TRAI.E ET 1)K LA POLARISATION DE LA LTJMIERE 

ZKNITHALE 

I.'appareil destine a cette t'tude est constitue essontiellement pai un monochroma tour 
et un receptcur photO(?lcctrique installes dans un caisson en plein air et par un enregis- 
treur et des dispo.sitifs de commande installes au laboratoire. 

La h'ig. T montre le .schema opticjiie de rapparcil: la lumierc arrivant verticalemcnt 
(dans un angle de 2° environ) par le hublot H est coudee et concentrde sur la fente /i 
du monochromatcur Mn, du type a deviation constanto, avec prisme de quartz et 
miroirs aluminife; la di.spersion est de I’ordre de 40 A dans le violet et 15 A vers I’ex- 
tr^mitd du spectre ultraviolet solaire; malheureusement la lumiere parasite bien que 
reduite par I’emploi d’un filtre ultraviolet Corning dans le faisceau incident (F), 
devient trop importante a partir de 3200 A pour permettre de travailler aux plus 
courtes longueurs d’onde. 

La lumiere sortant du monochromatcur par la fente fi est re^ue sur la photo- 
cathode du photomultiplicateur FM, du type Lallemand a 20 etages et photocathode 
c6sium-antimoine. Le courant photo^lectrique est enregistnS au laboratoire avec un 
millivoltmfetre-potentiom^tre Speedomax. Quand ce courant photodlectrique devient 
trop fort ou trop faible pour permettre un bon enregistrement, des filtres gris consti- 
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tu6s par des d^pfits de nickel-chrome sur quartz, plus ou moins absorbants, sont 
automatiquement mis en place dans le faisceau incident (en G sur la Fig. i). 

Le tambour qui commande la rotation du pri.srne, done le defilement des longueurs 
d’onde, est entraine par un moteur dlectrique a 2 sens de rotation; le balayage complet 
du spectre ultraviolet dure 8 minutes; le moteur peut etre commandd depuis le 



Fig. i . Schcjnia tiptique du spec- 
tn)photomcire. II, hublot de 
diani(;tre3o nim; 1 \ filtre ultra- 
violet filtresgris; Li, lentillo 
de diam^Jtre 8 n\m, longueur 
focale 40 mm; m, miroir i)lan ; 
/i. fente d’entrec de 0.2 X 1.2 
mm; I2, fente de sortie, de 0.2 x 
1.2 mm; Mn. inonochromateur 
“Croorgie'’; L2, lentille de dia- 
metre 12 mm, longueur focale 
50 nlm; PM, photomultiplica- 
teiir; Ph, photocat liode. 



Fig. 2. Schema de. i^rincipc; du 
polarimetrc. (a) partie optHpie; C, 
compensatrice ; . 1 , lanu* demi-onde 
tournaiite; P, polfirisi*ur; L, lentille 
de ({uartz ; ni, miroir ; /•', fente d'en- 
treedu monochromateiir ; (b) partie 
electroniquc : PM, photomultipli- 
cateur; HT, haute tension; f, filtre 
elcctrique; V, millivoltmcitre. 


laboratoire, soit a la main, soit automatiquement par des cames entrain^es par une 
pendule ^lectrique, cc qui permet d’enregistrer des spectres v des heurcs precises 
choisies d’avance. 

Actuellement nous enregistrons des sp>ectres du ciel z<^nithal aux iicurcs qui corres- 
pondent a des hauteurs du soleil dc 5°, 10°, 15“, 20°, 30°, 40°, 50°, 60° au-dcssus de 
rhorizon; entre temps on laisse I’appareil enregistrer d'une fa9or. continue la lumi- 
nance sur 3400 A. Des enregistrements ont ^td obtenus r^gulierement depuis un an 
environ k raison d’une dizaine de jours complcts par mois et leur d^pouillement 
est en cours. 

Quelques mesures de polarisation ont 6 t 6 ^galement faites, mais seulement par 
lecture directe. On utilise pour cela un petit polarimctre, normalemcnt ^clipsd de 
edt^ pendant I’enregistrement, et qu’on met en place dans le faisceau incident. La 
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clllmfimc i la La lame demi-ondc en quartz A tourne sur 

le nhn de Dol-iri<«ir tours, mmuto et fait tourner a ime vitesse double 

k, plan dc polansatton de la qui va traverser lo polariseur P. I.a fraction polari- 
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Fig- 3- 


s<5e de la lumien; (ct le courant i)hotocloctrique qui lui correspond) va done etre 
modulde h la frequence de 3 J Ilz, la lumicre naturelle n etant pas module. La partie 
modul<5e du courant est separee par nn filtre ''•lectrique et lue sur un millivoltmetre 
(51cctroniquc (Fig. 2 , a gauche). 

Au-dessus de la lame demi-onde (‘st pWe une lame de silice fondue C qui peut 
tourner autour d’un axe horizontal et de I’axe optique vertical, et qui sert k compeaser 
la polarisation du ciel. Au moment ot I’on obtient I’annulation du courant lu sur le 
milliVoltnwHre ^lectronkjue le plan d’incidence sur la Lame est confondue avee le plan 
do polarisation et son inclinaison sur I’liorizontal donne le taux de polarisation. 
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La Fig. j montre I’enserable de I’apparcil: monoohromateur, photomultiplicateur, 
moteurs de commaiide, polarim6tre. La Fig. 4 montre le meme apparcil instalie dans 
son caisson. 



Fig. 4. 


liTUDE DE LA KI^PARTITION UE I-A LUMINANCE SUR LA VOijTE CIU.ESTE 
L'appareil destind a cette etude prdsente de grandes similitudes avec le preeddent. La 
lumidre entrant verticalement dans le caisson (angle de champ de 2" environ) est 
rdduite dans un rapport convcnjible par des filtres gris ct re^ue sur la photocathode du 
photomultiplicateur 20 dtages. J/enregistreur et le dispositif de commando des filtres 
gris sont analogues. Par contre, comine nous nous proposions de n’cffectuer le balayage 
du del que sur un certain nombre de longueurs d’onde, nous avons remplacd le mono- 
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chromateur par une s^rie de filtres interferentiels, ce qui a permis de r^duire nettement 
les dimensions du caisson ; nous n'avons pas non plus actuellement install^ de polari- 
metre dans cet appareil. 

La Fig- 5 montre I’appareil, dont trois c6t^s ont d^mont^s. La plateforme qu'on 



I'ig- 5- 


voit sur le dessus porte lo systeme do miroirs piirraettant d’en\'oyer dans Tapparoil la 
lumiore de n’importe quelle direction du cici; un premier miioir incline a 45° sur 
I’horizontal et pouvant tourncr autour d’un axo horizontal renvoie la lumiere hori- 
zontalement sur un deuxiomo miroir fix^ egalement a 45“, ciui la refldchit vcrtirale- 
ment sur le hublot du caisson. La rotation du premier miroir autour de I’axc horizon- 
tal permet de balaycr toutes les directions d’un plan vertical, tandis que la rotation 
autour de I’axe vertical dc I’ensernble de la plateforme permet do. balayer n’importe 
quel plan vertical. Les deux mouveinents sont obtenus par des moteurs ^lectriques 
commandos depuis le laboratoirc. 

Cet appareil cst actuellement en cours d’essai et doit fitre mis en fonctionnement 
prochainement. 

Nous esp^rons que le fonctionnement simultane des deux appareils permettra de 
rdaliser des experiences prdcisant les r6sultats d»>nnds par chacun d’eux; par exemple 
I’utilisation de I’appareil 2 visant au z4nith sur une longueur d'onde fixe permettra 
de bien mettre en Evidence avec I’appareil i les modifications de la repartition spec- 
trale, ind4pendamment de toute variation de I’intemsite totale. Inversement pendant 
le balayage du del par I’appareil 2, 1’appareil i pourra enregistrer, a titre de r4f4rence, 
la luminance du z4nith sur la meme longueur d’onde. 
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THE MEASUREMENT OF NATURAl. ULTRAVIOLET RADIATION 

M. V. SOKOLOV AND O. P. SHELKOVA 
TtisHUUe of Biophysics of the Academy of Sciences of the U.S.S.R., Moscow (U.S.S.R.) 


The study of natural U.V. radiation is of interest to photobiologists from the point of 
view of its effect on man, agricultural animals, plants and micro-organisms. 

The measurement of spectral concentration of irradiance gives the full physical 
characteristic of natural U.V. radiation A'e,x^mW/m2J = /(A) , where A is a wavelength' -2, 
The measurement of integral irradiance E or irradiation H is easier in some regions of 
the U.V. spectrum. 

It is often necessary to evaluate natural U.V. radiation according to its erythemal 
or antirachitic effect. If it is assumed that the action spectra over the range 290-320 
m^ are very similar, it is possible to use effective erythemal values — erythemal 
irradiance ZTerCer/m®! or erythemal irradiation //#r[er.min/m2J*. We recommend the 
measurement of the values Ear and Her both on a plane and on a sphere of small radius 
(“mean spherical”)*-®. 

The apparatuses designed for U.V. climate measurements have to comply with 
certain special requirements, viz. good spectral sensitivity (for integral-tyjje appara- 
tus) : reliability of operation over significant changes of temperature and humidity of 
ambient air; yielding of readings which are proportional to the cosine of the angle of 
light incidence when measured on a plane; measurement of the "mean spherical” 
should not lead to readings dependent on the angle of light incidence, etc. 

Various models of such equipment were designed by the authors in the National 
Lighting Institute (NLI) and the Institute of Biophysics of the Academy of Sciences 
of the USSR (IBPh) in cooperation with D. A. Shklover, V. V. Koltsov, V. A. Ilyanok, 
1 . G. Bukhartsev and others. These are described below. The photoelectric measure- 
ment method is used in these sets since this has well known advantages over the other 
measurement methods. 

(j) A prototype model has been designed by IBPh for pericdical measurements of 
Etx, - /(A). This set consists of a specially designed portable mo mchromator, Sb-Cs 
photomultiplier and a recording electronic potentiometer. A replica of a concave dif- 
fraction grating (with a focal distance of 0.5 m) is used in an autocollimation -type mono- 
chromator; this makes it possible to dispense with focussing devices and thus design 
a monochromator of small dimensions. Successive exposure of given monochromatic 
rays is carried out by turning the replica. An optical device containing an integral 
sphere is placed in front of the entrance slit of the monochromator. 

* The erythemal flux means radiant power of U.V. radiation at A > 280 myu, which is evaluated 
according to tlic erythemal effect of radiation on mans skin, er — Unit of erythemal flux — is 
equal to the erythemal flux corresponding to one watt of radiant flux at a wavelength 297 mu*. 
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{2) The first integral-type set for continuous automatic measurement of U.V. 
irradiance has been designed by NLI. The set has a Sb-Cs photocell SCV-6, together 
with light filters for measurements in the region of 290-340 m/* with maximum at 
about 315 mfi, and an electronic potentiometer with a circular scale. Total and diffuse 
U.V. irradiance have been studied by means of this .set for two years (1957, 1958) in 
the town of Evpatoriya*. 

The recording set designed by IBPh, in contrast to the previous one, permits meas- 
urement of erythemal irradiance "mer/m^], irradiance in three comparatively narrow 
regions of the U.V. spectrum [mW/m®] and illumination dux] (Fig. i). This set has 


Fig. 


I . 




Recording set for m(^asu^ement Tier •= /(/) and other'charactcristics. i — glass and gelatin 
filter with picric acid ; 2-5 - glass filters. 



six small-sizc Sb-Cs photo-multipliers (manufactured by Naiional Electrotcchnique 
Institute) and si'ls of glass filters. The sixth photo-multiplier provides a zero reading. 
The current from the photo-multijiliers which are activated by dry batteries, is 
measured by means of a six-point electronic potentiometer EPP-09. This set is at 
present tested at the Meteorology Observatory of the Moscow State University 
(Fig. 2). 

(3) A different portable integral-type apparatus is used for periodical measurement 
of the U.V. climate in the USSR. A small type of uphimeter UF-I has been put into 
operation by IBPh^. This apparatus contains photocells F-7 with a flat magnesium 
cathode and hemisi)herical light filter made of BS-t glass. The long-wave limit of 
spectral sensitivity of the apparatus is about ^*5 m/i (Fig. 3, curves Mg4 BS-4). 

To measure natural U.V. irradiance the apparatus is calibrated in energy or ery- 
themal units imW/cm^ for 290 -320 m/i regions or er/m-*]. This type of apparatus, 
known as UFM-II, is now being manufactured in quantity. 

Some experimental uphimeters (Fig. 4) equipped with a spherical photocell with a 
semi-transparent Sb-Na photo-cathode have been produced to measure mean 
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spherical irradiance. The photocells were designed by T.N. Rabotnova and N. N. 
Gortchakova’. The photocell spectral sensitivity is shown in Fig. 3. 

The uphidosimeter UFM-5 (designed by NLI) and uphidosimeter UF-2 (designed 
by IBPh) are often used for II measurement. The first apparatus has an Sb-Cs 
photocell, light filters and impulse counter*. The spectral sensitivity curve of the 
apparatus is the same as the one in h'ig. i, (curv'e 3). 





Fig. 2. Placing t>f recording set. 



Fig. 3. Spectral sensitivity of certain apparatuses for measurement of iJ.V.-radiation. 


The uphidosimeter UF-2 has a magnesium photocell F-7 and a hemispherical light 
filter made of BS-4 gla.ss which closes a photocell when measurements are being made 
in the spectral region of 280-320 m^. The spectral sensitivity in this case approaches 
the spectrum of the erythemal effect (Fig. 3, curve Mg-f-BS-4). The electrical part of 




Kig. 5. Electrical scheme of up hidosimctor UF- 2 : f. electrometric tube lEiP; 2. polarized relay 
PUP-4; 3. relay contact; 4. normally opened relay contact. 3. counter of SB-l type; 6. scaling 
condensers; 7. 250 I? resistance ; 8. battery GB-ioo; 9. magnesium photocell; 10. condenser looo 
pF; II. condenser 1000 pF; 12,13. wire resistance of 55 each; 14. milliammeter M-62 with 
.scale for 1 00 m A ; 1 5 . fi 1 am(‘nt resist(»r ( r 50 U) with switch ; 1 6. 2 ki? resistance ; 1 7. counter contacts 
closing the bell; 18. bell; 19. bell switch; 20. external and internal supply switch; 21. condenser 
100 /iF; 22. condenser 50 ^F; 23,24. selenium rectifier, 25. resistance 2.5 kii?; 26. 127-220 V 

switch; 27. step-dowm transformer. 
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Calibration of each type of apparatus was carried out by the same method, viz. using 
U.V. standard lamps, erythemal fluorescent lamps EUV-15 and band incandescent 
lamps SI-16 with a U.V. glass window. 

CONCLUSIONS 

It is evidently necessary to standardise the methods of measurement of natural U.V. 
radiation. In this connection the authors suggest the following propositions: 

(j) Study of the U.V. climate in order to record periodically the spectral concen- 
tration of irradiance and to continuously record erythemal irradiance on a horizontal 
plane; 

{2) Dosimetry studies of the solar bath to measure mean spherical erythemal irra- 
diation. 
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action spectra of phototaxis in unicellular algae* 

VKli HALLDAL 

InstUutf of Plant Phvsiolo^y, Litvid (Sweden) 


ACTION SPECTRA IN THE VISIBLE REOION 

Phototaxis involves locomotive movements in which organisms or cell fractions are 
attracted (positive phototaxis) or repelled (negative phototaxis) by light. In the 
flagellates it is assumed, but not proved, that the photoreceptor for phototactic 
response is sited near the flagellar bas('. It is also generally agreed that the stigma or 
the so-called eyespot is not a part of this photoreceptor, and it is certain that the stig- 
ma is not needed for photic orientation. Phototaxis has recently been excellently 
d(*alth with in articles by Ilaiipt^ and Bendix-, where thc^sc problems are discussed. 

'I'he photic orientation in the flagellates is most reasonably explained by assuming 
an ecctmtrically situated photosensitive spot connected to the flagellum through 
which the liglit.uiV*ut:ilion is mediated. This tiny spot, which is only a fraction of a fj, 
in size, does not pos.sess any structure that possibly could detect light direction by a 
focusing process. Another princij)le has therefore been appli('d for light orientation 
within the flagellates. A pigmented mass within the cell w'ould in some positions cast a 
shadow upon the photoreceptor. Thus in the visible region two pigmented organs are 
needed for phototaxis. One of these would be the photoreceptor; the other could be 
any item which, when in.serted in the light path, reduces the light intensity by a 
certain amount. If \V(*ber*s law is valid this reduction must be at least 10% (IlalldaP). 

Some examples will illustrate what is meant by this. It is possible to develop 
different types of Eitf^lena by certain treatments. In this way it has been possible to 
obtain, in addition to normal Enf^lcnas with chloroplasts and stigma, also completely 
colourless forms, and also forms without chloroplasts but with stigma. As both in vivo 
absorption measurements and action spectra analyses have been performed on these 
different types, a scries of examples is here available which may illustrate the effect of 
shadow-casting pigmented masses within the cells. If we assume that the absorption 
characteristics of th<' pigment involved in photic orientation arc not affected by the 
treatments which produce the.se different Euf^lcnu types, the effect of tlie shadowi- 
casting ma.ss may be studied directly. In Fig. i are schematically drawTi these three 
Eu^lena types, their action spectra of phototaxis, and their in vivo absorption charac- 
teristics. The in vivo absorption curves are based upon measurements by Shibata 
' etal,^. The action spectra measurements were ]>erformed by Gdssel'* for the colourless 
form and for the stigma-containing form without chloroplasts. Biinning and Schnei- 
derhdhn® carried out the measurements on normal Euglena, The 7 'ubingen group 
made a distinction between two different types of phototaxis, namely^ topic and photic 
(Haupt^). As the same pigment seems to be involved in these two reaction types, such 
a distinction does not have any bearing upon our considerations about a light absorb- 

* Invited paper. 
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ing item (pigment involved in phototaxis) and a shadow-casting mass. It is demon 
strated by this series that phototactic response only occurs in the spectral region where 
the cell shows measurable absorption. For the colourless form a sharp maximum 
appears at 410 m^, that is, just in the spectral region where the cell starts to absorb. 


Colourl«ss Euglana Bleached Euglena 

with stigma 


Euglena 



Fig. I. Action spectra of phototaxis (Gosscl®; the bleached and colourless form; Biinning and 
Schneiderhdhn*: the normal form) and in vivo absorption curves (somewhat modified from 
Shibata et al,^) of different forms of Euglena. 


The method of Shibata et a/.^ corrects for .selective scattering. If selective scattering 
is taken into consideration, the violet light that passes through a cell is more reduced 
than light of longer wavelengths. This will accentuate the “shadow-casting ability” 
of cells in the Soret region. For the chlorophyll-free form with stigma the effectof blue 
light is somewhat higher in photic orientation. The most reasonable explanation for 
this is an effect of a shadow from a pigmegted mass which absorbs in this spectral 
region, namely the stigma. Due to the relatively small size of this pigmented mass, 
light passing through a cell will on most occasions not hit the stigma in such a way 
that a shadow can be cast upon the photoreceptor. Thus, only on a few occasions can 
the photoreceptor receive the necessary signal for adjustments in swimming direction. 
For the chlorophyll-containing form the pigmented masses within the cell (chloro- 
plasts) absorb sufficient light at all wavelengths to reduce the intensity by the required 
amount (at least 10%). The action .spectrum curve for this type has a maximum at 
490 mfi with some minor absorption bands at shorter wavelengths. This is most 
probably the only action spectrum from Euglenas which gives significant information 
about absorption characteristics of the pigment involved in photic orientation. 
Action spectra curves with similarities to this have been obtained for several other 
species. Maxima for species within the Volvocales, Ulva-gametes, Dinophyceae usually 
occur between 475 and 495 m^i* (Mast’, Halldal®). An exception to this was observed in 
the dinoflagellate Prorocentrum micans, where an action spectrum with maximum at 
570 mfi was recorded (Halldal®). 

When action spectra analysis are to be performed for the purpose of getting infor- 
mation about absorption characteristics of pigments involved in phototaxis, it is 
therefore safe to do the experiments only on coloured forms. 
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ACTION SPECTRUM OF PHOTOTAXIS IN ULTRAVIOLET REGION 

The action spectrum of phototaxis has been determined in the ultraviolet region for 
the photosynthetic flagellate Platymonas subcordiformis (Volvocales) by Halldal*. 
The result for the negative response is given in Fig. 2. The same action spectrum curve 
was obtained for positive phototaxis. The measurements were performed with a 



I^g. 2. Ultraviolet action spectrum of negative- phototaxis in Platymonas. 


Bausch and l.omb 250-mm grating monochromator with a mercury-arc light source. 
Outside the mercury lines spectral bands of 5 m/n were used. The radiiint intensity 
emerging from the monochromator was adjasted by means of the Vee-slide of the exit 
slit which controls .slit length. The sample, contained in a quartz cuvette, was placed 
directly outside the exit slit at the image of the grating. Radiant intensity was 
measured with a RCA 1P28 photomultiplier tube. The relative sensitivity curve given 
bj' the manufacturer for this tube w'as used in combination with a Moll and Burger 
Standard Thermopile and a calibrated Kipp and Sons galvanometer type Pa. The 
threshold values lor phototactic response were determined. The threshold value at 
405 m^ for positive phototaxLs was 0.15 ergs/cm* • sec, and for negative phototaxis 
0.80 ergs/cm® • sec. 

The 220-Tn/i, radiation had a very high phototactic effect. Towards longer wave- 
lengths the activity dropped quickly and a minimum was recorded at 255 mfi. A clear 
maximum occurred at 275, and a smaller at 335 m^. In order to get the curve complete 
the measurements were also repeated for the visible region. A small maximum 
appeared at 400 to 405 m^M. This was not recorded in earlier experiments by Halldal® 
for this species. However, the measurements around 400 m^ in Halldal’s earlier 
experiments are rather uncertain. 'I'his new detail shows a similarity to action spec- 
trum measurements for Euglena in this spectral region by Biinning and Schneider- 
hdhn®. 

Action spectra of phototropism in Phycomyces have been determined by Curry and 
Gruen*-and by Delbriick and Shropshire^®. 'I'hese action spectra and the action spec- 
trum of phototaxis in Platynumas show some striking similarities. In Phycomyces 


References p. 126 



124 


P. HALLDAL 


phototropism is reversed below 300 m/i. Accepting Delbriick’s and Shropshire’s 
explanation of a substance (gallic acid) acting as an internal screen in this spectral 
region, the peaks, even if the reaction is reversed, maj' stand for absorption bands of 
the pigment involved in phototropism. Delbriick and Shropshire observed peaks at 
280, 385, 455 and 485 m^; and Curry and Gruen at 280, 370, 445 and 470 m^. The 
minimum at 250 m/i and the increased activity below this wavelength recorded by 
Curry and Gruen are also similar to the action sjMJctrum of phototaxis in this spectral 
region. These facts suggest that related pigment complexes arc involved in photo- 
tropism in Phycomyces and phototaxis in flagellates. We do not wish at this time to 
speculate about the nature of these pigments or their complexes. 

ACTION SPECTRA OF INDUCED PHOTOTACTIC RESPONSE 

In the salt water green flagellate Platytmnas suheordiformis (Wille) Hazen (Gibor’s 
strain), a desired phototactic response may be induced at will by adjustments in the 
ion composition Ca++, Mg+^ and K^, provided proper pH and ionic strength are main- 
tained (HalldaU^). This has made it possible to produce Platytmnas populations which 
divide into about 50% negatively and 50% positivclj'^ reacting cells. For the action 
spectra analyses which will be presented here about 200 ml of a Platytmnas culture 
was centrifuged at 500g for 5 min and resaspended in the following solution ; 0.5 A/NaCl ; 
o.oi M CaCla; 0.02 M MgCb; 0.005 M KCl; 0.001 M KHCO3. The i>H of this mixture 
was 7.5. In this solution Platynumas showed a 90 to 100% negative reaction, which in 
the dark was retained for at least 12 h. In the dark the response had changed to 
positive in 24 h, and a few minutes of "white” light rcv(*rscd the reaction from negative 
to positive. The effect of different wavelengths of light was studied in this reversion 
process (negative to positive and x'ice versa, HalldaF^). The measurements were per- 
formed in the following way: 0.3 ml of the suspension was placed in a i-cm path 
Beckman cuvette with a polished bottom. In order to prevent the algae from settling 
by phototaxis and gravity, the cuvette was rotated around its vertical axis at about 
100 revolutions per minute and the sample* illuminated from below with "monochro- 
matic” light from a projector constructed for this experiment. constant intensity of 
21,000 ergs/cm* • sec was used at all wavelengths. Spectral bands were isolated by 
means of combinations of interference filters and Schott and celluloid filters. Infrared 
radiation was removed by CuS04-liquid filters or water. After a predetermined time 
the exciting light was shut off, the motor stopped, and the sample illuminated from 
the side with low intensity blue-green light which accumulated the cells phototacti- 
cally. The accumulation was studied in a horizontal microscope with weak red light as 
microscope illumination. The shortest exposure time that caused a complete reversal 
was recorded. The reciprocal of this time was then plotted agains: wavelengths of 
light, and these curves corrected for incident quanta give the action spectra fox these 
transformations. 

Induced positive phototaxis 

The result of the negative to positive transformation is given in Fig. 3. Violet to 
green (400 to 540 m/u) and red light ((tho and 685 myw) induced positive response in a 
population with negative phototaxis. It was not possible to induce positive response 
between 540 and 655 m/*. At 655 rufi the population divided into about 50% negatively 
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and 50% positively reacting cells. Tlie pronounced effect at 660 and the short 
distance between this wavelength and 655 seem unreasonable. However, the 660- 
rn// filter had an additional band appearing as a shoulder around 680 which 
could not be removed by glass filters. For this reason the peak of the action spectrum 
curve in this region should probably be shifted somewhat to longer wavelengths. No 
measurements have been jierformed between 685 and 740 m^ and observations in 
this region may give additional information. No transformation occurred at 740 m^. 



3. Actiem spectra of incliicc‘cl ])hototactic response changes in Plaivmonas. - the 

negative to ])()silft»e Si.iii*ilorination ; : the ]wisitive to negative transh>rmation. 


Indncai negative phototaxis 

A different picture was obtained for the transformation from positive to negative 
l)hototaxis (h'ig. 3). It was not possible to change a positive population into a negative 
in the spectral region betweHMi 400 and 540 m/^, or at 660, (>85 and 740 m/ji. A positively 
reacting population remained positive irrespective of exposure time at these wave- 
lengths. A transformation from positive to negative was obtained between 580 and 
bjo mjii with a maximum at 590 m^. 

Alternations in response at different wavelengths 

A shift in phototactic response occurred when the cells were illuminated at different 
wavelengths of light. Radiant energy of 21,000 erg.s/cm-2 ’.sec was applied in these 
experiments. Violet light (427 m//) reversed the response in a negatively reacting 
population. When the .same population after this transformation was illuminated 
with yellow light (590 m/i) the response changed to negative, and consecutive illumination 
with red light (685 m/^) induced positive response. The induction time at these wave- 
lengths was around 5 min. This seciuence could be repeated for several hours. V/hen 
the cells at the end of such a .series of changes were continuously illuminated with the 
yellow light, the cells remained negative for at leaNt 14 h, and similarly red illumination 
produced a positively reacting population. 

These action spectra determinations suggest that two light processes may be in- 
volved in induced phototactic response changes in Platymonas, Photosynthesis seems 
to be one of these. This conclusion is founded on the effect of violet and red light. In 
these spectral regions the action spectrum of induced positive response shows great 
similarity to action spectra of photosynthesis of green algae. As the effect at the 
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500-in^ light seems to be too high to fit the photosynthesis curve, it is assumed that 
the pigment directly involved in photic orientation is also involved in the transfor- 
mation process. The negative to positive transformation is antagonized by a reaction 
involving a pigment which ab^rbs maximally around 590 m/i. This indicates that a 
reversible photoreaction, possibly one associated with a pigment system with similari- 
ties to that involved in photoperiodism, is directly involved in the mode of phototactic 
response in Platymonas. 
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In the majority of growing plants, asymmetrically incident light will cause a growth 
redistribution leading to light-oriented movement of the growing parts, the phenom- 
enon of phototropism. In higher plants there is strong evidence that phototropic 
curvatures result from light-induced redistribution of auxins. It has long been known 
that phototropism is largely a response to blue wave lengths, so that we must postulate 
the existence of a yellow pigment which, upon absorption of light, changes the pattern 
of growth, most probably by intei acting with the au.xin system. 

Two major approaches have been used in attempts to identify the photoreceptor, 
riie first invol\'«:; 1 t^ii tlisarmingly simple question: What yellow pigments are found 
in the phototropically sensitive parts of plants? In answer to this, various workers 
early found substantial concentrations of carotenoid pigments associated with the 
photosensitive regions of plants such as Avetia, Pilobolus, and Phycomyces. This led 
directly to the postulation that a carotenoid is the photoreceptor. 

Evidence has been accumulating, however, that plant parts may exhibit photo- 
tropism and yet have extremely low carotenoid content, as in coleoptiles of corn and 
barley albino mutants, germ tubes of a number of fungi^, “colorless” rhizoids of 
certain liverv'orts'^, and the coremia of a white Isaria. Furthermore, the distribution 
of total carotenoids in the plant does not seem to parallel the distribution of light 
sensitivity as preci.sely as one might exjwct. The best case of this is seen in the Avena 
coleoptile, where Lange^ found maximum photosensitivity in the apical 1/4 mm, 
while Biinning^ found maximum free carotenoid concentration just below this. The 
extreme apex has a very low carotenoid content. In our laboratory Dr. Sorokin has 
recently confirmed this distribution of crystallizable carotenoid as shown in h'ig. i. 

Meanwhile, other yellow pigments, notably flavins, have been found in photosen- 
sitive organs, although not specially concentrated there. With (xalston’s demonstra- 
tion that riboflavin could photosensitize the in intro photo-oxidation of the auxin 
indoleacetic acid, attention became especially focussed on the possibility that a flavin 
acts as photoreceptor. 

•The question of the occurrence of a yellow pigment in photosensitive regions is 
obviously oversimplified. We have no idea what concentration of pigment may be 
required to convey phototropic sensitivity to the plant. Even if the receptor is a 
carotenoid, in the best cases only a very small amount is present, and perhaps only a 

* This research was supported by grant No. G 9084 from the National Science Foundation to 
l^of . K. V. Thimann and hy prcdoctoral and post-doctoral fellowships from the National Science 
Foundation to Dr. George M. Curry. 
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References p. 134 



128 


G. M. CURRY, K. V. THIMANN 


small fraction of this need be active. Furthermore, no simple criterion of “sensitivity” 
exists, especially when comparing different plant groups. Thus, many of the carotenoid- 
deficient plants mentioned before seem phototropically sluggish in comparison with 
Artena, but we cannot say whether this reflects normal or abnormal phototropic sensi- 
tivity. Some albino mutants reportedly show normal phototropic sensitivity, yet, for 
example, Asomaning's data* indicate that in an albino barley variety having approxi- 



Fig. Distribution of crystal lizable carotenoid in tlie tip of the A vena cole optik’ 

.‘\t the right: ('rystals at a larger magnification, ca. 1500 . 

mately 1/3 the normal amounts of carotenoid, the phototropic sensitivity is idso 
distinctly lower. Similarly, he found that etiolated barley coleoptiles have only 1/15 
as much carotenoid as etiolated oat coleoptiles, and give no curvature whatsoever in 
response to short stimuli which will produce large curvatures in oats. Parenthetically, 
no equivalent variations in the flavin content were found in these cases. 

All in all, we can only comment on the peculiar localization of carotenoid in or near 
the photosensitive regions of many highly phototropic plants. The complexities out- 
lined above lead us to the .second major approach — the action spectrum. Its inter- 
pretation should not depend so much on pigment concentration or localization; if 
sufficiently detailed, it must reflect the absorption spectrum of the photoreceptor, 
although it may possibly be distorted by inactive absorbers. 

Early studies of the wave length dependence of phototropisra, mostly using null- 
point techniques, indicated the presence of two peaks in the blue region®*’. A more 
flexible procedure is to determine the dose-response curve at each wave length. 
Strangely enough, Avena is the only case so far where curvature has been found to be 
clearly graded with respect to light dosage. Our data for two wave lengths are shown 
in Fig. 2; they illustrate the well-known periodic behavior of Avena. Following low 
light dosages the coleoptile responds in an hour or so by developing a positive, curva- 
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tiire. Over a 10- to loo-fold range of dosages these curvatures are fairly simply 
related to tlic amount of incident light; in fact, over a portion of this range the response 
nearly log-linear. These so-called “first positive” curvatures are small, rarely greater 
than so"", and in the first hour are concentrated near the tip of the coleoptile. With 
still larger dosages, however, smaller curvatures may result; i.e,, the response curve 
passes through an optimum. Beyond this optimum the curve falls steeply, and in a 



ENEHGY IN ERG / CM* 

2. Krsponst* curves of Avviia at two wave* lengths. ()rclinat(‘s: curvature aftcT go min; 
alxscissa* total light dose. • tip curvature, 43^111/2; ■ base CAirvaiure, 430 m/i; o tip curvature, 

3()5 in/i; 1 ) base curvature, 3(13 m/i. 



a b c 


I'ig. 3. Typical curvatures of Avena coleoptiles caused by liglit. a, basi‘ response caused by lo 
min of medium intensity blue light (43(> m/*)- b, base response- caused by lo s«-c of idtraviolet light 
(254 m^). c, tip response caused by i sec of blue light of the same intensity and wave length 
as in a. (Direction of light from tin: right. .-MI shadowgraphs taken at o and qo min from treatment.) 

range of dosages obtained applying very high intensities for a second or two, the 
response may actually be negative, bending away from the light, h'or prolonged 
stimuli, usually 4 min or longer, a “second positive” response follows, qualitatively 
different from the first po.sitive: curvatures are distributed along the entire length 
of the coleoptile, originating in or near the mesocotyl. They may be alternatively 
described as “base resjxinses”. Their magnitude depends largely on the duration of 
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the expjsure rather than the product of intensity and duration. Thus, even low 
intensity light may yield a base response if applied for longer than 4 min. Fig. j 
illustrates these types of response. 

Returning to Fig. 2, we can draw the following conclusions. First, the relative 
effectiveness of variotis wave lengths can only be a.ssayed by determining the whole 
response curve or by carefully selecting as a standard a given respon.se on the rising 
part of the first positive range and comparing the energies required to give this re- 
sp>onse. Second, the fact that the response curv'cs at two widely different wave lengths 
run parallel over most of their course argues that a single photoreceptor underlies 
both the first positive and negative curvature processes. The fact that both of these 
curvatures are quite restricted to the tips also supports the idea of a similar mechanism. 
On the other hand, the respon.se curves obtained with prolonged exiwsures are super- 
imposed and the response itself is qualitativ^ely different. The superimposition seems 
to be a con.sequcnce of the fact that the response in this range is time-dependent rather 
than dose-dependent. These facts suggest that the second positive type of photo- 
tropism in Avetta may or may not involve the same photori'ceptor as the first positive, 
but must, in any case, involve a different mechanism. 



Fig. Action spectrum for the tip rosponsi' of --I vf Ha colropliles. • uvorage i row at A; o iiv(*ragc 
•I rows at A; 0 average f» rows at A: q average 8 rows at A; etc. 


We have made a detailed determination of the relative numbers of quanta rociuired 
at each wave length to give a io° first positive response in Aiwta. The results are shown 
in Fig. 4. The existence of two main peaks in the blue is confiiTned. Separate experi- 
ments with large numbers of plants expo.sed to 443, 458, and 473 ui/i have confirmed 
the .statistical significance of these two peaks. A definite .shoulder apptiars below the 
principal maximum and a small peak in the near ultraviolet. 

This spectrum agrees in all major respects with the action spectium found simul- 
taneoiLsly and independently by Shropshire and Withrow*. They found, however, 
that the slope of the respon.se curve varied for each wave length so that the action 
spectrum depended upon the magnitude of the standard response selected for analysis. 
In essence, the action spectrum for 20° curvatures has the same peaks in the blue but 
the peak in the near U.V. is much accentuated. On the other hand, by extrapolating 
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the response curves to zero curvature, they found that the action spectrum for thresh- 
old curvatures lacks the U. V. peak altogether. 

Although we have found it difficult to characterize the near U.V'^. peak precisely, we 
have not been able to confirm that the slope of the response curve is indeed a function 
of wave length; i.e,, we find no significant difference in these slopes. Furthermore, 
since the response curves are log-linear only in a restricted range, extrapolations to an 
apparent threshold may be inapplicable. This matter is dealt with in detail in another 
session of the Congress. In any case, three j>eaks in the blue region of the action 
spectrum and a minor peak in the near ultraviolet seem now well substantiated. 



Fig. 5. Comparisdii of action s]H’ctniiTi and absorption s])cctra. (All ordinates are arbitrary'.) A, 
Solid line; absorption spectrum of riboflavin. Broken line: absorption spectrum of /J-carotemt' in 
hexane. B, Solid line: absorption spectrum of a direct hexane ext -act of 500 coleoptile tips, 
i^roken line: action spectrum for tip n'sponse in .Itrfta. C, Solid line: >-'Carotene in hc.xaiie. 
Broki'n line: lutein in hexane, leashed line: the ri\s-peak of a rnono-ri5-isoiner of /l-carotene. 


These action spectra are strikingly similar to the absorption «p)ectra of carotenoid 
pigments from the coleoptiles. 1 f the near I'.V. peak did indeed disappear in the thresh- 
old curve, which, according to Shropshire and Withrow, is the curve least likely to be 
distorted by masking or by selfscreening, then the similarity to carotenoid absorption 
would become even more pronounced. This is a < ritical point, becau.se, as mentioned 
previously, the other most reasonable candidate for photoreceptor is a flavin. hTavins 
generally possess a single maximum in the blue, rather than three, and they have a 
pronounced peak, usually higher than the blue peak, in the near U.V. These relation- 
ships are shown in Fig. 5. Recently it has been found that, when dis.solved in certain 
non-polar solvents, some flavins exhibit three absorption peaks in the blue®. These 
still have the near U.V. peak, but this is shifted 30 m^u toward shorter wave lengths. 
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On the other hand. c*s-isomers of the more common all-<ra«s-carotenoids frequently 
showpeaks in the near U.V., although these, too, are usually 30 to 40 m/4, below the 
370 peak of the action spectrum. In .sum, we can say that no known flavin in A vena 
has been found to show the three peaks in the blue shown by the action spectrum, nor 
is the observed U.V. peak, if real, as large as one would expect if a flavin were the 
photoreceptor. Carotenoids actually present in Aiiena, however, match the blue peaks 
strikingly, but none has yet been found possessing the maximum in the near U.V. at 
the right wave length. The possibility remains that this peak may reflect a special 
structural configuration of the pigment in the plant, which is lost upon extraction. 
These action spectra do not unequivocally indentify the photoreceptor. 



Detailed action spectra have also been obtained for the .sporangiophores of 7 V/y- 
comyces. Here the plant .shows extremely limited first positive curvatures; wc have at 
best obtained 7° with short exposures. The sporangiophores are phototropically 
indifferent to short, high intensity exposures as noted by Castle’® in ryji. (irowth 
accelerates tem^iorarily after .such stimuli; i.e., the sporangiophores undergo a light- 
growth-reaction, but no curvature develops. Castle interpreted this as a light satura- 
tion effect in which both sides of the organ are presumably fully stimulated when 
exposures exceed certain dosages. Yet curvatures do develop when the exposures are 
continuous; we do not know how this is mechanistically relatea to curvatures pro- 
duced by short exposures. Apparently some enduring asymmetry in growtli, quite 
distinct from the light-growth-reiiction, is established by prolonged light exposures. 

This behavior nece.ssitates the use of a null-point method for determining the action 
spectrum in Phycomyces^^>^^. In essence, we find for various wave lengths the light 
flux required to balance that from a standard source impinging from the opposite side. 
In the visible range we obtained the action spectrum shown in Fig. 6. A similar, though 
less detailed, spectrum has recently been obtained by Delbriick and Shropshire’®. 
The action spectrum for Phycomyces is almost identical with -that of Avena, including 
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the presence of a near U.V. peak less than half the height of the blue maximum. 
I'hus the photoreceptors in these two morphologically and systematically different 
plants are similar if not identical. 

It has been argued recently^^*^^ that a carotenoid-like action spectrum may be a 
consequence of a “masking" or “internal screening" effect of large concentrations of 
carotenoid pigments in the presence of relatively low amounts of the actual photo- 
sensitizing pigment, usually assumed to be a flavin ; thus the high phototropic sensitiv- 
itv of Arena tips would be due to the optical filter action of the carotene present, 
which would produce the required gradient of light absorption across the organ. We 
have (examined this idea in detail and calculated the effects to be expected from various 
model arrangements of “active" and “screening" pigments. No matter what model 



7. Action spi'ctra to he oxpcclocl in limiting cases of masking of active” riboflavin by 
"inactive” carotenoid. "I'hc absorption spt'ctra of the* two components are shown in the lower part 
of the figure, r and c in the upper curves refer to the abs<)r])tion co''fficients of the riboflavin 
and of the extract of total carotenoid respectivc*ly, in tlie lower curves. Ortlinate is arbitrary. 


system is chosen, two limiting cases seem to arisen, the first case predicting that the 
action spectrum should reflect tlu^ product of the absorption sp(*ctra of the active and 
inactive pigments, and the second case the quotient of the two. These two functions 
■are plotted for limiting cas(‘S of masking of “active" riboflavin by “inactive" carote- 
noid in Fig. 7. It is apparent that neither case leads to an action spectrum that at all 
resembles the one actually observed. 

'riie masking argument also fails to explain why Arena and Phycomyces should 
exhibit almost identical action spectra, when they must surely possess quite different 
arrangements of active and inactive pigments. Bearing on this point, Delbriick and 
Shropshire conclude that there is no api>reciable distortion of the action spectrum in 
the visible in Phycomyces, though a very strong one, presumably in the near U. V., in 
Arena. It seems more reasonable to us to ascribe the near U.V. peak to distortion of 
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carotenoid absorption by flavin masking, rather than postulating that the peaks in the 
blue arise from screening by carotenoids. Moreover, the reportedly high phototropic 
sensitivity of some carotenoid-low mutants is impossible to reconcile with the mask- 
ing theory, since on this theory the sensitivity presumably depends on the gradient 
imposed by the masking pigment. Similarly, the previously mentioned discrepancy 
between localization of carotenoids and distribution of photosensitivity is also incon- 
sistent with the masking theory. We conclude that, while the presence of an inactive 
pigment may increase the gradient, it can only modify the action spectrum to a 
limited extent and will not transform a flavin spectrum into a carotenoid spectrum, 
even in the extreme case. 

The action spectrum for the light-growtli-reaction of Pliyamyccs is practically 
identical to that for phototropism. I.e.ss-scn.sitive organisms are difficult to deal with 
and have not been studied in detail, but most, including Isaria, have shown some 
sensitivity to near U.V., a maximum sensitivity to blue, and a sharp cut-off between 
500 and 550 m/i. Therefore, there seems to be a remarkably similar pattern for the 
phototropic photoreceptors of all plants. Whether tlu^ number of effective photo- 
receptors is indeed so limited can only be dc'termined when more are investigated in 
detail. 

In the ultraviolet range between 200 and joo m/i we feel that a different photo- 
receptor may be implicated. In this range the responses are qualitatively different 
from those in the visible, consisting of base curvatures in Avuna and strongly negative 
curvatures in Phycomyevs. The action spectrum for /I has a peak or peaks near 

290 m/4. while that for P/iyannyccs''^ is maximal near 2t<o m/t. It must be pointed out 
that the flavin photoreceptor hypothe.sis does not fit these curves well, since most 
flavins have a very large absorption peak in the 265-01/2 range, well below the jx'aks in 
the action spectra and indeed near their troughs. 

In conclusion, we feel that the weight of evidence derived from action spei;trum 
studies favors the carotenoid photoreceptor hypothesis. The specific identification of 
the photoreceptor awaits the discovery within the plant of a demonstrably light 
sensitive pigment having properties accounting for the action spectrum and linked 
somehow to the growth system. 
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CYTOCHROME OXIDATION BY' A SECOND PHOTOCHEMICAL 
SYSTEM IN THE RED ALGA PORPIIYRIDIUM CRUENTUM* 

L. N. M. DUVSKNS** 

liiophysical fMbomtory*** , U niversily of Leiden, (The Netherlands) 


llhiniinalion of photosynthesizing cells causes changes in the absorption spectrum. 
Some of these changes were found to be due to biological catalysts, such as cyto- 
chromes. Illumination caused oxidation of one or more cytochromes in all purple 
l>aci.eria studied so far. 

In algae there is a decrease in absorption upon illumination around 420 m//, which 
may, at least partlJ^ be due to cytochrome oxidation, but in many algae changes 
()('cur which make it difficult to analyse the spectral changes with certainty. However, 
as will b(* seen, in the n^d alga Porphyriditm crucntnm, the difference spectrum 
ck‘arl\' shows that a cytochrome of type c (or /) is oxidized u])on illumination ; there 
appears to be no appreciabk^ change in absorption caused by other pigments. There 
are also indications that more than one photochemical pigment system is present. 
For th(\se Reasons we have used this species for the study of the kinetics, cpiantum 
r(‘(|uirement and action spectrum of cytochrome oxidation. 

METHODS AND MATERIALS 

After iiKMTilation from agar-agar, the algae were grown in the light of white fluorescent 
tubes for about seven days in a liquid culture medium ^ bubbled with air enriched 
with 5% carbon dioxide. 

'riie changes in absorption were measured bj^ means of an improved split-beam 
difference spectrophotometer, in j^rinciph; .similar to that described earlier*^. The algal 
suspension was transferred to a 10 ^ 10 mm absorption vessel, which can be illumi- 
nated from the side with filtered actinic light from a 500-W projector or from a 
Baiisch and Lomb monochromator illuminated with a xenon arc. The transmittance 
at b8o m// for a lo-m suspension of algae, corrected for scattering by dividing by the 
transmittance at 720 m//, where the real absorption is negligible, was about 80%. 
The intensity of the actinic beam is mixisured by means of a silicon cell, to which the 
beam is deflected by means of a movable mirror. Thci silicon cell (Lange) was calibrated 
by means of a calibrated thermopile, which was placed in the position of the absorp- 
tion vessel. The intensity of the actinic beaiii is expres.sed in einstein/cm^/sec; 
I einstein — N quanta, N being the number of molecules in a gram molecule; 10 
einstcin is equivalent to 17.6 ergs at 680 m//, and to 21.3 ergs at 5^0 m//. I he actinic 

• Invited paper. 

** 'riiis. investigation has been supported by a grant from the Netherlands Organization for tlie 
Advancement of the Pure Research (Z.VV.( 5 .) 

*** Postal address: Nieuwsteeg 18. Leiden, The Netherlands. 


References p. 142 



136 


L. N. M. DUySENS 


beam, which is more intense than the measuring beam, serves to cause a change in 
absorption of the algal suspension, but docs not cause a response of the one-fourth- 
second spectrophotometer recorder, because a filter which strongly reduces scattered 
actinic light is placed m front of the photomultiplier. Furthermore the detecting 
apparatus is only sensitive to modulated light ; the meiusuring beam is modulated by a 
rotating disc, but the actinic beam is not. 

KESULTS 

'J'inie course 

With the spectropliotometer set at 420 m//, actinic, light of ()8o nl//, which is ab- 
sorbed by chlorophyll a , caused a deflection of the recorder showing a decrease in optical 
density of the Porphyridium suspension. The top recording of Fig. r shows that upon 


..I I*14,A680m/j 



An upward deflection represents a d(*crease in optical 
density. The actinic light of 680 in/i was given lx*- 
tween the upward Jind dcjwnward arrows. The inten- 
sities, I, of the actinic light were 14 • 10 ”, and 
37-IO-11 ein stein /cm 2/sec for top and botttJin re- 
cording resijcctively. 



l^'ig. 2. Optical (h'lisity changes at 
420 tt\fi for actinic light of 502 in/#, 
and intensities 90 and iSo • 10- >' 
einstein/cm 2 /s('c. See legeiul of 
Fig. I ha* details. 


onset of the weak illumination, after the algae had been in the dark for about one 
minute or longer, a decrease in absorption occurred within about two seconds; after 
darkening the absorption increased again to the original level. Upon the st^cond 
illumination with the same intensity, which followed the first within a few seconds, 
the initial rate of decrejise in absorption, and the total deflectioTi, and also the rate' of 
increase upon darkening, were smaller than upon the first illumination. Further 
illuminations, with th(^ same intensity after a few seconds of darkness, yielded a time 
course, similar to the second one. After a minute of darkness, the same sequence* of 
events could be reproduced, although not exactly, h'or low intensities of actinic light, 
it was mostly observed that the second illumination caused a decrease at a lower rate 
than the first, as in the recording at the top of Fig. i. At higher intensities the opposite 
was the case: the recording at the bottom of Fig. i shows that the rate of increase is 
appreciably higher in the second illumination. 

Quite surprisingly, the time cours<^ of the changes in absorption at 420 m/i for actinic 
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light of 5^2 was quite different from that for actinic light of 680 m^. For actinic 
light of 562 niy«, at an intensity of about / — 40 • 10--" einstein/cm**, no measurable 
deflection occurred, although, as we shall see, for light of 562 m/ji, w'here phycoerythrin 
has an appreciable absorption, the rate of photosynthesis is appreciably liighcr than 
for (‘qiially intense light of 680 m/i. 

A small, but relatively rapid deflection occurred at I - qo • 10 “ einstein/cm“/sec 
(Fig. 2, top recording). At twice this intensity the decrease in absorption was appre- 
ciably higher (bottom i)art of Fig. 2). 



UifffTcncc spectrum (if J^orfihvridhnti cnutitiiw, alisorplion spt'ctnim in minus that 

11 (larkiu‘ss. 'riu* (liff(Teiic(‘. s]K'Ctruni of cytochrome /, oxitlizcfl minus reduced, was ohtaiiK'd from 

data of Davenport and I lill*^. 


VV(' mt^asiired the changes in absorption for a number of wavelengths of the measur- 
ing beam from 400 to 4;{5 m/(, using actinic Hglit of an intensity of 73einstein/cm2/sec 
at 6(So m// and of 230 einstein /cm^/sec at 562 m// . A I thes(‘ intensities the maximum steady 
statechange in absorption is attained at 420 m//. If the steady state increase in optical 
density, which for this relatively high intensity was found to b<* about the same in a 
few consecutive periods of illumination, is plott(‘d as a function of the wavelength of 
th(' measuring beam, a differenc(* spectrum is obtaiiu'd, which rej)resents the difference 
between the* absorption spectra of the suspension in the steady state in the light and 
in the dark. I'he difference spectra in the region 400 to 435 m//, appeared rather 
similar to that of Fig. 3: both sp(‘Ctra had a negative maximum at about 420 m//., and 
showed an increase in absorption for wavelengths shorb'r than 410 mu. This indicates 
that the maxima at 420 m// in the .spectra iwcited by actinic light of 680 m// and 562 
m// are caused by the same cytochrome as that, whose difference spectrum is shown in 
3- The difference spectrum shown in Fig. 3 was measured^ for a more highly 
concentrated suspension under conditions different from those described in this paper. 

Quantum requirement for cytochrome oxidation 

Assuming that the decrease at 420 m//. was caused by one cytochrome of the c-type, 
which we shall call C 420, we estimate the number of quanta absorbed at 680 m/e 
which is required to oxidi/.e one cytochrome molecule, as follows. We use the experi- 
ment of- which the recording is given in the uppen left part of Fig. i. The absorptance 
of the suspension of i cm thickness at 680 m//, corrected for .scattering, was 19.5%. 
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The energy incident upon i cm^/sec was 14 • 10 “ einstein. Thus, the enerf,y 
absorbed per ml per sec was ig.^ • (i/ioo) • 14 • 10 “ einstein ~ 2.y • lO"^^ einstein 
The initial rate of decrease of absorbancy in optical density units is read from Fig. 1 
as 3.0 • 10- * per sec. The- value of the change in optical density at 420 m/i upon 
oxidation for a c:-typ>c cytochrome extracted from another species of red algae* is 
roughly 70/cm/mAf. Assuming a 30% "flattening” of the absorption spectrum 
of Porphyridinml and thus of the cytochrome at 420 m/^, we estimate the corre- 
sponding value of the cytochrome in intact Porphyridium to be 50/cm /mmole 
oxidized. If i mole of cytochrome C 420 per ml instead of i mmole per liter were 
oxidized, there would be a chtange in optical density units for a layer of i cm thickness 
of 50 • 10® • 10® = 5 • 10’. A rate of 3.0 • 10 ^ optical density units per .second then 
corresponds to 3.0 • io-^/(s • 10’) ---- 6.0 • 10-*® moles of cytochrome oxidized jicr ml 
per .sec. Since this oxidation is brought about by 2.7 • 10-” einstein, it follows that 
during the oxidation of one <'ytochrome molecule, 3.7 • 10 ",(6-ro '®) — 4.5 quanta 
are absorbed. The same niimber is fouml from the recording represented in the lower 
right hand part of Fig. i ; both the intensity and the initial rate arc appro.ximately 
2.7 times as great as in the experiment discus.sed abo\’e. Because of the uncertainty in 
the rate of the change in optical density and because of inhomogeneity of the actinic 
beam, the value 4.5 for the quantum requirement is to be considered an .approximation. 

Assuming the flattening of the chlorophyll ab.sorption peak at 680 m/f to be 25%, 
we calculate the ratio of chlorophyll a molecules to that of cytochrome C 420 molecules 
to be about 130. 

Action spectrum of cytochrome oxidation 

Since the kinetics of the change in absoiqrtion at 420 m// with actinic light of 562 m/j, 
appear to be different from those with light of 680 m/i, an action spectrum for this 
change can be derived in several ways. 

At 680 m/t, a number of recordings, such as tho.se given in Fig. i, were made for 
several light intensities. The time course after the second illumination was used: in 
Fig. I this is the part of the recordings at the right hand side. The deflection from 
darkness to steady state in the light proved to be an increasing fiinction of light 
intensity. This was also true for other actinic wavelengths. A graph was made, repre- 
senting the deflection at 420 m// as a function of the actinic intensity of f)8o m/i. Using 
the activity for cytochrome oxidation with light of 680 m// as a reference, the activities 
for other wavelengths were determined as follows. After a ftsw trials, an actinic inten- 
sity I (A) was selected so that the deflection w.as roughly hall of the maximum deflec- 
tion. Then from the graph for 680 m/i, the intensity /(b8o) was read, which gave the 
sjimc deflections as /(A). The activity (/(A), was defined as (/(A) ^ 10 • /(68o)//(A), the 
activity at 680 m^ being arbitrarily put equal to 10. In Fig. 4, Q is plotted as a func- 
tion of A (black points). The activity is high in the region of the chlorophyll a maxi- 
mum around 680 mp, but low in the region between 650 and 550 m/i, where the phyco- 
bilins show an appreciable absorption. 

In an analogous way the action spectrum was determined, using the initial rate 
after the second illumination as a measure of the activity. This action spectrum is 
given in Fig. 4 by open squares. 

In order to avoid a substantial weakening of the actinic light, a suspension of low 
absorbance was used; the absorbance corrected for scattering was 18% at 680 in/t 
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and 27% at 560 m//. Because of the smallness and rapidity ot the deflections and the 
limited reproducibility of the time course, the precision of the action spectra (especially 
that of the open squ.ares) is low. 



A In m/j 


|. Porphyridiuni cruenlum. Action spf'ctnim of cylochromt* oxi'ialion. Ktriproral valiifs of 
11k* rc'lativc intt*nsiti<*s of the aclinic liK^t ncc'drcl to bring about a certain deflection at 420 mfi 
(black points), or a certciin initial rate of change in absorption at 420 m/i (open stpian's). are 
j)Iotted as a function of the wav'clength of the actinic light. 


DISt'l^SSION 

l^'ig. 5 shows that the absorption of Porfyltyridium at ()8o m/( is mainly cansecl by 
rhlorophyll a : lh(‘ absorption of this pigment is given l)y line segments with legend 
chi. At 630 m/(, the absorption is mainly due to t hlorophyll a and phycocyanin, pcy., 
and at 560 m// mainl}’ to phycoerythrin, per. 'fhe action spectrum of photosynthesis, 
that is of oxygen evolution, shows that light absorbed by phycocyanin and phyco- 
erythrin is mon* active in photosynthesis than light absorbed by chlorophyll « 

()8o m//. On the contrary, the action spectrum for cytochrome oxidation (Fig. 4) 
suggests that light absorbed by chlorophyll a is more active in (ytochrome C 420 
oxidation than light alxsorbed by phycocyanin or phycoerythrin. The simplest but not 
complete explanation is that two photochemical systems an. present. One of these, let 
us call it system 2, contains the main part of the phycobilins and part of the chloro- 
phyll a, say chlorophyll a^, and is mainly rc.sponsible for oxygen evolution. Sx'stem i 
contains a remaining part of chlorophyll a, chlorophyll ^i. and a .smaller part of the 
phycobilins and is mainly responsible for cytochrome C 420 oxidation. 

The action .spectrum of chlorophyll fluorescence (Fig. 5) shows that (juanta absorbed 
by the phycobilins are more (dficient in exciting chlorophyll a fluorescence than quanta 
absorbed by chlorophyll a itself. From this it can be concluded (cf.^) that light energy 
absorbed by the phycobilins mu.st be transferr. d to a part of chlorophyll a, which is 
fluorescent, and furtlier that part of the chlorophyll a is not, or only weakly, fluores- 
cent, and receives an appreciable smaller amount of light cnerg}^ from the phycobilins. 

5 also shows that photosynthesis and chlorophyll a fluorescence are substantially 
proportional ; a possible deviation from the proportionality will be discussed below. 
From -this it was concluded^ that probably the fluorescent tj^pe of chlorophyll a, to 
which the phycobilins transfer excitation energy, is active in photosynthesis, but not 
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the non- or weakly fluorescent type. The fluorescent type of chlorophyll thus js 
clilorophyll a-j, and the absorption spectrum of system 2 is identical to that of chlo- 
ropiiyll a fluorescence. Let us tentatively assume that the non-fluorescent type of 
chlorophyll is identical with the chlorophyll ai, which oxidizes C 420. 
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I'ig. 5. Absorption s])ectruni, and action spectra of photosynthesis and cldoro])hyll a fliioresciMin? 
(r/. ref.»). Points marked by downward-pointing open triangles are from an article by French 

and Young*. 


Clear experimental evidence indicating the presence of two photocliemical systems 
in photosynthesis, which are not necessarily identical with the above hypothesized 
systems 2 and i. was obtained by Emerson and coworkers**. Emerson obstTved tliat 
the relatively low photosylithetic efficiency of light absorbed by the green alga C/ilo- 
rella at 700 m/i could be enhanced by simultaneously supplying light absorbed at 
shorter wavelengths. He suggested® that the maximum yield of photosynthesis requires 
not only excitation of chlorophyll a, but also excitation of some otfier pigment having 
its lowest excitated state of an energy level higher than that of the lowest excited 
state of chlorophyll a. In accordance: with this suggestion, Mj^ers and Freiichi® found 
that the action spectrum for the enhancement showed pronounced maxima at about 
650 and 475 nxfji, probably due to chlorophyll b. In addition, the action spectrum also 
showed a hump at 675 m/i, possibly due to a ty])e of chloropiiyll a. Brody and 
Emerson!^ found that the quantum yield of photosynthesis of Porphyridium depended 
upon the culture conditions, and was at 630 m[i at least as high as that at shorter 
wavelengths. This is in accordance with the action spectrum of photo.synthesis in 
Fig. 5. Previously, the difference between the action spectra of the photosynthesis 
and of fluorescence was not given too much weight, since the action spectrum of 
photosynthesis which was determined with the oxygen polarograph, is relatively too 
low in regions of low absorption compared to regions of high absorption^: weakly 
absorbed light penetrates more deeply into the alga layer which covers the platinum 
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electrode than strongly absorbed light. Brody’s experiments thus indicate that a 
downward correction of the point of the action spectrum of photosynthesis at 630 m/n 
may make it coincide with the absorption spectrum, but not with the triangle below 
tlie absorption spectrum. Thus there is no exact parallelism between photosynthesis 
and fluoresc('nce in these algae. 

Further it follows that the photosynthelic efficiency of quanta absorbed by chloro- 
phyll a at 680 m// would be less than half of that of quanta absorb(‘d by the same 
(dilorophyll molecules at 630 m// (see Fig. 5). It was further observed that shorter 
wa^'eiengths increase the yield from long wavelengths, just as they do in Chlorella. 
Tiiis effect has been called the “Emerson effect”*". 

Let us now, by making an additional assumption, attempt also to explain the 
“EiiKTSon effect” by th(‘ above formulated working hypothesis, which was devdsed to 
exi)lain the action spectrum of C 420 oxidation, that of photosynthesis and that of 
chlorophyll a fluorescence. 

As we ha\'i‘ seen, light ab.sorption by system i alone causes cytochrome C 420 to 
become oxidized, but fails to bring about photosynthesis (that is in thiscontiLXt carbon 
dioxide reduction and oxygen production) with high quantum efficiency. We make 
the additional a.ssumption that, if certain intermediates are gtmerated by system i, 
system 2 supplied with tlie.se intermediates will pliotosynthesize with higher efficiency 
or vice versa. In^spe/dral regions, where absorption is mainly caus(‘d by system i, the 
(luantiiin efficiency of photosynthesis will drop, because system 2 is running at a low 
rate. This occurs around 680 m/a in Porphyridiitm , where the absorption by chlorophyll 

is insufficient compared with that of chlorophyll a\. Additional illumination with 
wavelengths absorbed mainly by the phyebbilins. that is by system 2, will then 
enhance photosynthetic efficiency. 

'riie number of quanta of 680 m// which is recpiired to oxidize onc! cytochrome C 420 
molecule was found to iie about 4.5. Sinci‘ only the (pianta absorbed by chlorophyll ai 
are postulated to be active, and ax appears to contributi' roughly half of the absorp- 
tion at 680 ni/«, the number of quanta re(|uired for the oxidation of one C 420 molecule, 
absorbed by ^i, may be of the order of two. whicli indicates an important phy.siologi- 
cal function for C 420. Also the relatively high molar ratio of C 421* to «i, which is of the 
order of 1/70, is significant. The change; in time* course of C 420 oxidation, when the 
wavelength of actinic light is changed from 680 to 562 m//, is in accordance with the 
])ostulated interaction of system 2 with system i. 

Antilogous photochemical systems may be; pre;sent in other photosynthesizing cells. 
In Chlorella, the quantum efficiency for photosynthe^sis is low at 700 m//, anel can be 
(Mihancexl by light absorbed at shorter wavelengths". As indicateei by the statcmient of 
Myers and Fremclri" that the 695 m/i form of chlorophyll a is probably the ediief 
absorber at 700 m/t, this form may be analoge)us to ax. ('hlorophyll in Chlorella 
would then have an absorption maximum at a somewhat shorter wa\ ele;ngth. 

The above hypothe.sis is .somewhat different i- »m that of Emersoiri". If we may 
e*xpre.ss his ideas explicitly in the language of photochemical systems, Emerson’s 
suggestions are as follows. System 2 contains a part of the .so-called accessory pigments, 
but not chlorophyll a. System i contains chloropliyll a and (to explain the results of 
fluorescence studies) the other part of the acces.sory pigments. If this is true, then the 
action .spectrum of cytochrome oxidation (Fig. 3) would necessitate the postulation of 
a third photochemical system in Porphyriilium. Inirtherrnore the systems 2 for various 
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groups of algae would operate with different photochemically active pigments, such 
as chlorophyll b in green algae, phycobilin in red algae and blue algae and chlorophyll 
c in diatoms. Also the relatively low fluorescence yield of chlorophyll a in red (8.3) 
(c/. Fig. 5) and in blue algae in spectral regions where chlorophyll a shows strong ab- 
sorption, would require an additional explanation. 

Identification of different photochemical systems by determination of precise 
action spectra and time courses under various experimental conditions, also for reac- 
tions of other substances than cytochrome C 420, in various photosyiithesizing 
organisms seems possible. Because of the spatial separation of the photochemical 
systems, suggested by the preferential transfer of energy from phycobilins to chloroph}^! 
rt2, isolation by extraction might be feasible with tlie absorption changes as a guide. 
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The spectrum visible to many insects extc^nds from the red throiif^h the near ultra- 
\aoK*t. Behavioral experiments with trained honeybees ( Apis tfiellif era) , performed by 
st'veral investigators, notably Daumeri, show that the honeybee discriminates colors. 
A simple interpretation of these data is that the honeybee possesses three systems of 
rc'ceptors, maximallj^ sensitive in the green (or yellow), blue-vdolet, and near ultra- 
violet regions of the spectrum. 

Action spectra a/e available from two sources: observations of phototaxis and other 
behavioral resp(5l4ses of worker bees**-, and measurements of retinal action potentials 
felcH troretinograms)^*'*. Both lines of evidence indicate receptors maximally sensitive 
in the green and near ultra violent. Inirther, electrophysiological measurements of the 
spectral sensitivities of drone bet^s indicate also a blue-violet receptor. 

The color vision of insects has n^cently bexm revu'W(‘d extensively elsc'where'****. 
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ACTION SPECTRA IN HUMAN SKIN* 


I. A. MAGNUS 

InstihUv of Darmaiology, St. John*s Hospital for Diseases of the Skin, 
London (Great Britain) 


Working out action spectra on human skin prestmts great difficulties, for human skin 
seems to be relatively unresponsive material compared with, let us say, paramecia. 

Because of this difficulty there is only one well-attested action spectrum on the 
effect of light on the human skin, that of the normal sunburn or erythemal reaction 
resulting from U.V'., where it is possible to use the emission of th(^ mercury vapour or 
hydrogen arc as the light source for a monochromator. Various workers have studied 
action spectra for this response, and their re.sults agree fairly well (Hausser and Vahle^ ; 
Hausser'®; Coblentz, Stair and Hogue^; Hamiwrl, Henschke and Schulze^). There is 
one maximum at about ,}oo m/^, just within the range of terrestrial sunlight, where the 
threshold dose, is of the order of lo® ergs/cm'-*. Another maximum is at about 250 m/t. 
The erythemal effects of U.V. above 320 m/t are ndatively feeble and not so well 
known, and below 230 m/< nothing is known until the X-raj’ region is reached. 

Another effect of I'.V. is pigmentation, which may be either immediate or delayed. 
I'irstly, immediate or so-called direct pigmentation, also known as pigmemt darkening. 
This is not preceded by erythema and is apparent immediatelj’ after irradiation. It 
persi.sts for only a few hours or days in our exj)erienee, though other workers have 
noted its persistence for weeks or months (Henschke and Schulze®). The action 
spectrum is .said to lie between 300 and 450 m^, and our experience of this reaction 
and its action .spectrum is more or less in accordance with this. It is reported that the 
peak of the action spectrum is at about 340 in/i, where a do.se of the order of 10® 
orgs/cm^ is required. This phenomenon is difficult to study and would merit furtluir 
investigation, especially from the point of view of its action spectrum as obtained 
w'ith a monochromator, as no .studies have been rejwrted on ihis asixjct of it for ovtir 
20 years. Secondly, the much more familiar delayed type of pigmentation. This shows 
up a day or so after the sunburn rt;sponsc, is apparently a post-erythema 1 effect, and 
persists for many weeks or months. It is dut; to the formation of new melanin, and, 
although much is known about the biochemistry of melanogenesis, its action spectrum 
is one thing that has not been propt^rly ilefined (Fitzpfitrick and Szabo®; Lerner and 
('ase’). Possibly it lies between 2t<o and 320 m//, that is, it resembl»;s the action si>ec- 
trum of natural .sunburn. 

Another response of the skin to U.V'. is thickening of the horny layer of the epider- 
mis (Miescher®). Again, its action spectrum is not known, but there is reason to suppose 
that it is similar to that for sunburn. Other effects of U.V. on human skin, such as the 
formation of Vitamin 1 ), will not be dealt with here. 

* invited paper. 
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So much for the known normal effects of light on human skin, and the few facts of 
their action spectra. As h insen was a dermatologist, 1 want to take this opportunity of 
mentioning data on abnormal action spectra, in so-called photosensitization of human 
skin. 1 his is a new field in medicine and dermatology, we have much to learn in it, 
and, in view of this, our findings must be regarded as preliminary. I will be quoting 
some results obtained by Drs. Alexander, Buck, Johnson, Porter, and my.self with a 
large quartz monochromator with a 2-kW high-pressure xenon arc as light source. 
Dispersion is obtained with a water prism. The width of the sptictrum at the plane of 
tile exit slit is (> cm between 240 and 400 m/i. ,\t 300 m/i it is possible to use wavt'bands 
of 2 3 m/I width for irradiation experiments on .skin, and exposures of less than a 
second may be sufficient to produce a sunburn rcs^>onse (Magnus, Porter, McCree, 
Moreland and Wright®). 

Wliat use are action spectra in medicine? Very little at the moment. They provide 
for dermatologists a rationjU basis for the choice of external applications to prevent 
l^V. pem'trating the skin, but very little else. We hoi>c, how(;ver, that they will help 
us understand the mechanism underlying abiuumal reactions of skin to light and that 
they might help us in diagnosis. 

'I'o illustrate the use of action spectra in this field. 1 will be describing .some experi- 
ments with furocoumarins and pitcli, and .some results of tests on patients with 
/yorpliyria and witlj solar urticaria. 

Fmoconmarim 

I'liese compouiids, jm'seiit in many plants, are well known to increaso tlu^ crvthcinal 
sensitivity of human skin to lon{(-wav(' U.V\ This was first shown by Kuske^^. 

The, action spectrum of one of these furocoiimaiins, S-mothoxypsoralen, has been 
worked out by us. Spectral reactivity extends from J20 to 370 xn/i with a maximum 



9M 300 390 400 

Wavolongth m/i 

lug. T. Tlio absorption and action spectra of 8-nu‘thoxypsoralcn (8-M()P) compared. Left hand 
curve (absorption sp('ctnim) from 8-M(iP in chloroform solution. Kight hand curve (action 
spectrum) shows (srythemal activity of 1% 8-MOP (dissolved in chloroform) on human skin; 
average result of 3 norniah subjects studied from 250 to 450 m^. No significant difh'rence between 
normal and 8-MOP treated skin from 250 to 310 m/4 and from 380 to 390 m/4. All tessts negative 
from 400 U) 450 ni/4 whether 8-MOP treated or not. 
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perhaps at 36om/M (Buck, Magnus and Porter**). This is interesting, as the action and 
absorption spectra of this furocoumarin are quite different (Fig. i). However, our 
findings fit in with the prediction of Pathak and Fellman** who suggested that, on the 
basis of the wavelengtlis activating fluorescence, S-methosypsoralen should be biolog- 
ically active at 360 m^u. If these findings are confirmed, they may make us use the 
Grotthus-Draper principle, the so-called first law of photochemistry, with more 
caution. Apparently, as far as human skin is concerned, the furocoumarin molecule is 
more biologically active when in a state of fluorescence rather than when in a state of 
absorbing light maximally. 

Is the mechanism underlying this photosensitising effect photodynamic, in that 
oxygen is concerned in the early stages of the reaction? This is not clear, but so far we 
have failed to prevent it by irradiating forearm skin rendered anoxic by stopping the 
blood supply with a sphygmomanometer cuff. 

The photosensitising effects of pitch 

This has been known for a long time as an industrial hazard (Lewin**), and has 
been investigated by Burckhardt*® and Foerster and Schwartz*'*, but no detailed 
action spectra have been published. Clearly, the s|xjctral reactivity will v'ary according 
to the origin of the pitch, upon which will depend the content of photosensitizing 
substances. 

We first became interested in this by being consulted about an industrial process in 
which the workers were getting troubled from burning and redne.ss of the skin after 
exposure to pitch fumes and sunlight. We were able to reproduce these symptoms in 



Wavalangth 

Fig. 2. Example of results on one normal sul^jcct of irradiation tests on two skin areas of the back, 
one repeatedly painted with pitch and cleaned with ethanol immediately prior to irradiation, thcj 
other cleaned with ethanol only. Photosensitization produced by pitch piincipally in long U.V, 
and extending well into the visible region. Tests ffom 500 to 700 m/4 negative whether pitch-treated 
or not. Minimal erythcmal doses (MED) arc? plotted for erythemal reactions that persisted for at 
least 12 h. In the results of the test subject illustrated, there was increased erythemal reactivity 
from pitch at 300 m/4, but this was not found in otlier normal subjects, where, in addition, tests 

were extended down to 250 m/4, with negative results, y X MED with pitch ; • • 

normal MED. 
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miniature, both tlic burning sensation and erythema, by irradiating with the mono- 
chromator skin that had been painted with pilch. The erythemal reactions were often 
followed by delayed pigmentation about 2 days after irradiation. In some instances the 
skin response's were of an immediate urticarial type, as well as being later erythemal, 
a type of response noted by h'oerster and Schwartz We found the action spectrum 
generally lay in the longer wave U.V. and adjoining visible spectrum. These spectral 
regions have little or no erythemal effect on normal skin unless relatively large doses 
of radiation are given (Kig. 2). 

We have also been abk? to produce abnormal responses by painting the skin with 
anthracene, acridine and various therapeutic preparations containing tar products, 
rhe reactions are generally erythemal, sometimes urticarial, and alw'ays associated 
with burning. In the case of anthracene, urticarial responses, associated with burning, 
can be particularly readily produced by irradiation between 340 and 380 m/i. At 360 
m// a dose of the order of 10® ergs/cm- may be sufficient to produce an immediate 
wheal, when^as as in untreated control skin a dose of about a hundred times higher is 
needed to produce merely erythema. Obviously anthracene and acridine are not the 
sole sensitisers in pitch as tlieir spectrally active range is too small, tor with pitch we 
can produce photosensitization with visible light. 

These abnormal reac tions are presumably photodynamic lor they can usually be 
complett'ly prevented bv occluding watli ;i sjihygmomanometer cuff the blood-flow to 
the skin during irradiation. 

Next, porphyria, a disease in which, in many instances, .skin symptoms arc provoked 
by light. Typical skin changes, apparently precipitated by light, are erythema and bullae 
followed by atrophy. Kndogenous photosensifisers act in this disease. The respon.sible 
substances are po.ssibly uroporphyrin or coproporphyrin, both of which maybe pres- 
ent to excess in the tissues of a patient. These photosensitising .substances absorb 
light maximally at about 400 m/^, the region known as the Soret band, and also in 
various parts of the visible spectrum. In two patients with this disease we have found 
with the monochromator maximal skin .sen.sitivity to be at 400 ni/i, but sen.sitivity is 
also present in the visible spectrum (Magnus, Fortrr and Kimirigtoni®). Similar find- 
ings were reported independently by Wiskeinann and Wulf*^ in a larger number of 
patients using a xenon arc and filter combinations for irradiation tests. 

Lastly, solar urticaria. It is easy with a monochromator to produce action spectra 
on a patient with this di.sorder, but almost invariably it is impossible to interpret the 
results from the point of view of identifying the photosensitizing substance. In the 
hirst International Congress of Photobiology, Dr. Harry F. Blum (Blum^"^) proposed 
the cla.ssing of these patients into 2 groups, dt'pending on whethei they reacted to U.V. 
or to violet-blue light. I now want to propose adding two more groups to his classifi- 
• cation, firstly, a group of patients in which both U.V. and visible light produce urti- 
caria', secondly a type of urticaria produced predominantly at 400 m^. 

1 know of three cases where urticaria has been ' rovoked by U.V. and visible light, 
.and there arc several other cases in the literature, such as the one reported by Wiske- 
rnann and Wulf^**. As I have said we cannot as yet make any firm interpretation of 
the action spectra obtained in these patients who arc sensitive over these somewhat 
extended wavelength ranges. This does not apply to the last type of solar urticaria 
that I mentioned, that produced by 400 m/i, but 1 only know of one such patient in this 
category. (Jbviously porphyria is to be suspected on the basis of our previous expe- 
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rience. And in this instance subsequent biochemical investigations by Professor 
Rimington and Dr< Tickner proved this to be so. The interesting thing was that the 
cause of this patient’s disease, previously quite unsuspected, was first diagnosed on 
the action spectrum. As far as I know, this is the only case of porfthyria in which tlie 
diagnosis has been reached in this way, and here for the first time the action spectrum 
was the essential piece of evidence. In this patient, the concentration of porphyrins* 
in his red cells was about thirty times above normal, and so it is interesting to specu- 
late as to whether this man’s skin symptoms were provoked by a direct action of light 
on the red cells in the skin capillaries. 

Recognising the photo.scnsitizing substance is encouraging, if only in one patient. 
It is hoped that the significance of the action spectra obtained in these and oUicr 
ailments due to light may be grasjxjd one day, and that in the futim;, they will play 
an important part in dermatological diagnosis. 
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KFFECT OF VARIOUS RAYS OF THE VISUAL REGION OF THE 
SPECTRUM ON THE ABSORPTION OF OXY(iEN BY GREEN 
AND NON-GRltEN PLANT LEAVES 

N. P. VOSKRKSKNSKAYA 

K. A. Tiniiriazcv Institute of Plant Physiolof^y, USSR AcaUepny nf Sciences, 

Moscow ( U.S.S. R . ) 


Absorption of oxygt'ii in the light occurs in green as well as in other plants^ Short 
wave radiation activates this process much more strongly tlian long wave radiation 
or the dark. No dc^t ailed study of the influence of the intensitv of the light has been 
])orformed. The data on tlu^ offi'ct of tlu' spectral composition and intensity of light on 
absorption of oxygev; i.i green plants are sparse and fn^piently inconsistent. 

In connection with a study of the role of the spectral composition of light in chang- 
ing the redox conditions in plants® ^ have determined the rate of oxygen absorp- 



U9ht intensity. erg/cm^s«c 

I’iK. I . ICffect of light of diffcRMit intensity and .spectral composition on the absorption of oxygen 
by nonchlofophyllous and green leaves. A. Non-chlorophyllous leaves. X Zea mays, O Aspidistra 
eiaf, A Codiacum pictum. H. Green leaves. □ Sicotiana tab., ■ Phaseolus viilg. I.ight intensity 
(erg/cni“ • sec) 400-580 m^, 580-700 
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tioh by green and other leaves under illumination of various intensity and cjualr v. 

The test plants were etiolated wahe shoots, noncblorophyllous leaves of variegaU i 
varieties of A elaiior and Codiaetim pictum (which are distinguished by their 
containing carotinoids) and also green tobacco and bean leaves. 

Absorption of oxygen was determined manometrically at a temperature of 25"^. 
Atmospheric CO2 and also that evolved by the leaf as a result of respiration were 
absorbed in 5% KOH. A part of the leaf was placed in the vessel above the hydroxidt*. 
Photosynthesis in the green leaves was thus stopped. The leaves were illuminated 
overhead by light of the short wave (400-580 m/y) and long wave (580-700 m//) 
regions of the spectrum. The rate of oxygen absorption was first measured in the dark 
(control) and then in light of various intensity and quality. The results of the measure- 
ments are presented in Fig. i. Short wave radiation was found to activate oxygen 
absorption in noncblorophyllous leaves (Fig. lA). With increase of intensity the 
degree of activation also increased. On the other hand, long wav(^ radiation of arbi- 
trary intensity had no effect on oxygen absorption which remained practically the 
same as that observed in the dark. The magnitude of the effect in light depended on 
the thickness of the leaf and was independent of the carotinoid content. Thus, short 
wave radiation activated absorption of oxygen to a smaller extent in the thick yellow 
leaves of Codiaetitn than in the thin yellow leaves of maize. The white thick-skinned 
leaves of Aspidistra occupied an intermediate position. 

A distinctive feature of oxygen absorption in green leaves (Fig. i B) is the sensitivity 
of the process to long wave as well as to short wave radiation. However, activation 
induced by short waves is much more .significant. 

Thus a common feature of green and other leaves was that short wave rays activat- 
ed oxygen absorption and the .activation increa.sed with growth in the inttaisity of the 
light. Differences between the two types of leaves become apparent when the\^ wc^re 
illuminated with long wave light. In this case absorption of Oo in nonchlorophyllous 
leaves was the same as that in the dark. The qualitative difference betwcien the action 
of the two .spectral regions vanished* in the case of green leaves; both regions were 
active but differed in that short waves were more efficient. 

Since oxygen absorption is activated by short wave light in nonchlorop>hyIlous 
leaves it seems natural to assume that .some pigments which ab.sorb bc^tween 400 and 
580 m// are involved. From lug. lA it can be seen that carotinoids do not appear to 
participate. On the other hand some data has been obtained which indicates that in 
non-green leaves, absorption of oxygen in the light involves, in particular, cytochrome 


TABLE 1 


riant 

Zea mays, 
etiolated leaves 

Codiaeum leaves 


Aspidistra leaves 


Type of experiment 

Absorption of 0 % by jo cm* of 

leaf area per k, fii. Activation of Ot ab- 

— sorption in light, % 

dark light 400-^80 mii 

InhihitioTk of respira- 
tim. % 

dark light 

control 

131 

28.8 

220 



CO 

7.0 

25.8 


47 

ri 

control 

ii -5 

25.8 

224 



CO 

5.8 

^ 2-3 


50 

M 

control 

T 3-7 

22.2 

162 



CO 

7.6 

l 6 .f 

• 

45 

28 
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oxidase. Our experiments on inhibition of tlie activity of cytochrome oxidase with 
carbon monoxide confirm this viewpoint (Table I). 

As can be .seen from the table in the dark CO inhibited respiration by 50%. Irradi- 
ation with short wave light removed most of the inhibiting effect as a result of destruc- 
tion of the CO - cytochrome oxidase complex and restoration of the activity of 
cytochrome o.xidase. These experiments indicate the existence of an active cytochrome 
oxidase in our test plants. 

Experiments with sodium azide yield concurring results. As is well known sodium 
azide inhibits the activity of oxidases containing heavy metals. When this poison was 
infiltrated into the leaves in the dark (Table IIA) the alxsorption of oxygen was found 
to decrease as a result of inactivation of cytochrome oxidase and jxilyphcnol oxidase. 


TABLE II 


Absorption of oxygen, % control 

Condttions Light 

400-5X0 m/i 580-^700 m/i 


A . Nonchlorophyllous leaves 


('ontrol 

100 

100 

roo 

Sodium aziejo. 

0.002 M 

65 

46 

B. Green leaves 

67 

Control 

TOO 

100 

TOO 

Sodium azide, 

0.007 M 

43 

96 

TOO 




Tim# in min 

Fig. 2. Jiffcct of sodium azide on the absorption of o.xygen by green leaves in the dark and in 

light. O II2O: n NaNa. 


Similar inhibition ratios were obtained with long wave irradiation. The fact that 
the degree of inhibition of oxygen absorption by sodium azide is the same in the dark 
and under long wave illumination seems to indicate that the systems involved in the 
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absorption process in nonchlorophyllous leaves are the same in the dark and in the 
light. The inhibition was larger under short wave irradiation. This is apparently due 
to the fact that under these conditions activation of oxygon absorption is mainly due 
to the cytochrome oxida.se activated by the light. 

The action of sodium azide on green leaves was much different (I'able IIB). 
Practically no inhibition of the absorption of oxygen was observed under short wave 
as w’ell as long wave illumination when .such poison concentrations were employed 
which caused an inhibition by more than 50% in the dark. Inhibition could not be 
induced by changing either the quality or quantity of light. An experiment carried 
out in the order; darkness-light-darkness (Fig. 2), showed that the inhibition which 
was removed in the light appeared again alter the second darkening. 

These results signify that tlu? enzyme resp)onsible for absorption of oxygen in the 
light is not (as in the case of non-green plants) a cytochrome oxidase of the respirative 
cycle. 

Thus the dependence of oxygen absorj>tion on the spt‘ctral (puility of light has been 
found to differ in green and nonchlorophyllous plants. Different enzyme systems are 
involved in these reactions. Evidently these differences are due to the presencci of 
chlorophyll. The direct dependence of the absor])tion of oxj^gon on the light intensity 
of long as well as short waves compels one to assunu* that the absorption of oxygen in 
green leaves takes place in the chloroplasts and is connected with a photochemical 
reaction excited in thither of the spectral regions. 'I'he enzyme inv olved in this reaction 
may be analogous to the chloroplast "j)hotooxidase" which is also insensitiv’e to 
sodium azide” 

Some indirect evidence indicati*s that this photoox idasi* is a component of tin* 
cytochrome system located in the photoactive chloroplast complex. When long wav'c* 
light is incident these .syst('ms may become activ^ated as a result of energy migration 
from chlorophyll to these systemsi**^-. 


KKFKKKNTKS 

^ R. Wkinthach, Jiotan. Utv. 10 (Kjj.f) 3^3- 
“ li. Rabixowitch, f*h()ti)syiifhi‘sis. V<jI. II. p. z. 

3 11 . V 6 r KLKH, J ah rh. wiss. Hoicut., 87 (igjH) .^5. 

* O. Bode, Jahrh. wiss. Botan., So (io p») 208. 

® N. P. V0SKRK.SKNSKAYA, /*rohlems 0/ Bhotosynthisis, lz(l..\.N. SSSP, io 5 <), p. 335. 

® A. A. NicHiPORowicH, Proiredinf^s of the I Hlrrnational Confcrert.i' m ihr Pnucful Uses of 
Atomic Energy, Lnited Nations, Vol. 12, 105O, p. j.|o. 

’ N. P. Vo.sKRESiSNSKAYA AND Ci. S. (iRT.SHiNA, Piziol. Ba.deilit A had. \anhS S.SA^., 7 4<)7- 

* R. II. Nieman and H. Vk.nnksland, tHant Phvsiol., J4 (1*930) 233. 

* K. H. Nikman, H. Nakamura and R. Vhnnksland. BlaiU l*hysi.tl.. 34 (1051*) 262. 

N, I. iUsHOP. II. Naka.viura, J. Hlott a.nd B. Vennesland, IHunt Physud., 3.^ (105*9) 55 * • 

'' A. K. Kraul, Re.search in photosynthesis, Jnterscicncf, Now York, 1*93;. 

13 J3. Cha.N'ck and M. Nishi.mltra, t^roc. Salt. Acad. Sti. U.S., 4O (1*900) 19. 



153 


PIGMENTS OK COMPOUND EYES 

i- H. J'lSHEK AND K. H. GOLDIK 

Unit for Biochemical Research hearing on Fisheries' Problems, 
Rational / nslitute, for Research in Patrying, Shinfietd, Reading (Great Itritain ) 


Functionally, ])if<nu‘nts of (‘orn])Oun(l eyes may be ( lassifiecl as visual, screeninp:, and 
reflecting. We have studied all three types of pignu^nt in marine Crustacea and in 
insects only \ isual pigments. 

Visual pigments were in\’(‘stigated in vitro after they had been extracted from dark- 
adapted eyes by various procedures. Our main j^urpos(‘ was to di‘t(Tmine tlu' absorp- 
tion sp(‘ctra in ridation to the light conditions in whic h the animals normally live, 
and we have beep especaallv inter(‘st<Hl in deep-sea crustac’ic'ans. The ingmcmts wctc^ 
extracted from crustacean eyc's with 2% digitonin, after previous removal of as much 
fat-sohible carotenoid material as ]X)ssibl(». The' difference curves obtained from 
al)sorption spectra measured on the* digitonin extracts before and after bleacliing 
witli white light showt'd the following absorption maxima: for euphausiids Me^anyc- 
iiplianes norve^ica, 460 465 m/t \ T/tysanoessa ruscliii, 460 4f)5 m//; Thysanopoda 
aciiiifrom, 480 in//; Nemaioscelis mcgalops, 405 m//; and Stylocheiron maximum, 470 
rn// ; for the sergestids Seri^cstes arcticus, 475 mu ; and .S', rnbustus, 470 m// : and for the 
oi)l()])horid Acanthephyra /lacckeli, 4S0 mu. All these spec ies live* at depths to which 
only light with a spectral maximum at about 470 480 mu would penetrate. Unsuc'ces.s- 
ful attempts to detc'c't a visual pigment by this tyjx* of experiint nt were made* on eyes 
of other crnstaceaii spec ies. In all we wt^re siiccesfiil with b out of it c'uphan.siids but 
with only 5 c^ut of 18 decapods examined. In addition no visual pigment was detc'cted 
in four experiments with the mysids liucopia sculpiicauda and K. ^rimaldh. 

Under our conditions of bUxiching for 5 min with a 0 V 30 \V tungsten- filamc*nt 
bulb, the visuid pigment of euphau.siid cyyc's is bleiiclu*d directly to retinene -j- opsin 
(Fisher and Cfoldie*) whereas that of decapod eyes is only bleached after a longer or 
second irradiation, indicating that a stable meta-rhodopsin is formed after the first 
exposure to light (Hubbard and Wald-). Our c*arlier finding (Fisher and Kon^) that 
the c^yes of euphausiids contain rich concentrations of vitamin A which is absent fre^m 
those c^f deep-sea decapods and man}' mysids ma}' in somc^ way be associatcxl with 
this a])parent difference in visual chemistry. 

Recently methods involving chromatography on celite-calcium phosphate columns 
(Bownc^ss and Wolkcn^) or precipitation by ammonium sulphate* of proteins ((iold- 
smith-'*) have been reportc'd succe.ssful in the .separation of water-.soluble visual pig- 
mc'iits from the compound eyes of in.sccts. In order to bec.ome familiar with these 
teclmiclues before applying them to crustacean-eye extracts, we attemptc'd to obtain 
a visual pigment from the eyes of the locust Locusta migratoria migrator ioides. Using 
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the chromatographic method we separated fractions from dark-adapted eyes whicli 
bleached to give difference curves with absorption maxima at 440-445 m/t. Vitamin 
A was present in the bleached extracts. We were unable to obtain this pigment by the 
protein-precipitation method nor were we able to separate any photosensitive pigment 
by extraction with 2% digitonin. 

The distribution and movements of screening pigments in the eyt\s of marine crusta- 
ceans have been studied by means of frozen sections. Inhere was less astaxanthin in the 
eyes of the decapods examined than in those of euphausiids, in which we have pre- 
viously demonstrated its movement along the ommatidia during light- and dark- 
adaptation (Fisher and Goldie*). The nature of the brown screening pigment in the 
eyes of the cuphausiid Mcganyctiphancs norvcgica has been investigated and our 
earlier finding (Fisher and Goldie*^) that it did not appear to bt‘ an ommochromo has 
to be qualified in that it is not an ommin according to the more rcdini^d separation 
technique of Butenandt, Biekert and Linzen^*. 

Photomicrography with dark-ground illumination has been used to study the 
distribution of reflecting pigments in frozen sections of eyes of marine Crustacea. 
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IX)SE-KKSPONSE RELATIONSHIPS AT DIFFERENT WAV’ E LENGTHS 
IN PHOTOTROPISM OF AVENA* 

( 1 K(JKG|.; M. CURRY anu HANS K. GRl'KN 

Hiology Department. Tufts Vnh'ersity, Medford and 1-arlow Herbarium, Harvard University, 

Cambridge, Massr.( U.S.A.) 


In response to short, low intensity, uniliiteral light stiniiili, etiolated Avcpia coleopiiles 
d(‘\'elop positivi' eurvatiircs which are distinctly graded with respect to the light 
dosage aiiplied. When the curvature is plotted against thi' logarithm of the dose, the 
response curve obtained is sigmoid, with a substantial log-lini'ar portion in the mid- 
range (Fig. 2,p. 129). Because of the large errors inherent in tue determination of very 
small response's, the shape of the low^er end of the curve is obscure, but there is no 
obvious threshoj/l. On linear plots of curvature versus dose the response curves all 
extrapolate back co zero. 

'fhese response curves are strikingly similar to another case of a distinctly graded 
light-growth response in plants, namely, the light-growth-reaction of Phycomyccs 
sporangia phores in response to symmetrical stimuli. Here, too, the resjionse curve as i\ 
log function of dose is clearly sigmoid^ and no threshold phenomenon is apparent. 
All in all, it seems that these phenomena are log-linear functions of light dosage only 
in a very n'strictcd sense. 

In our early wwk on the action spectrum of phototropism we found that the re- 
sponse curves at ‘various wave lengths ran closely parallel (Fig. 2, p. 129), differences in 



Fig. 1. l)f).sc-n.'|)onsc curves at three wave lengths. See text for details. Ordinate: curvature in 

degrees. 

* This work was supj)ortcd in ]>.irt by grant No. G 14841 from the National Science Foundation 
to Dr. 1 . M. Lamb and Dr. H. E. Gruen. 
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wa\'e length sensitivity being reflected only by shifts of the curves along the log- 
dasage abscissa. In 1958, however, Shropshire and Withrow** rciported that not only 
arc the curves at various wave lengths shifted along the alxscissa, but also their slojies 
vary with wave length. This introduces variations in the action .spectrum depending 
upon the standard response cho.sen for analysis. They suggested that this was due to 
some sort of interaction between two pigment systems, one being the photoreceptor 
and the other affecting the light attenuation across the coleoptile. It is not clear how 
this should give rise to such large variations in sIojm; of the response curve. Others have 
since suggested that this constitutes evidence that two distinct photoreceptors an; 
involved in phototropism. 

Since this matter boars importantly on the (|U(;stion of the photoreceptor and 
mechanism of phototropism, we designed exiwriments specifically to check the slo|)e 
of the dose-response curves at three critical wavelengths. The; slope variations rejxjrted 
by Shropshire and Withrow*' seem to us not <-learIy significant (Fig. 2 of ref. **). 'Hiis 
is a difficult matter to settle because curvature mca.suremi'nts alone invt>lve rather 
large errors, requiring the use of many plants for each determination. Yet the plants 
arc subject to little understood time or age dependent variations in phototropic 
sensitivity, making it desirable to restrict the length of experinumts as much as pos- 
sible. Furtht'rmore, red light, although it will not cause phototropic curvatures, 
substantially (;hanges the phototropic .sensitivity, as extensive recent work of Dr. 
Blaauw-Jensen has confirmed'*. Thus, the red light commonly used to handle the 
plants in .setting up experiments must be rigidly controlled both in respt'ct to the 
inten.sity and duration of exposure during experiments. Finally, a ri'.sponse curv(i 
needs at least four points for a rea.sonable .slope determination, and ideally two wave 
lengths must be quickly compared. Since the res])onse takes 90 min or so to tlcvelop, 
the time dependent sensitivity variations become of serious concern. Ihiplicate 
experiments under closely identical conditions an^ thus exceedingly 'difficult to 
achieve. It is noteworthy that in Shropshire and Withrow’s experiments only one 
point at a time was obtained and at least 24 h were required to delerinine a single 
response curve. 

To minimize errors from all thest; sources we arranged a series of simple experiments 
in which the response curves were obtained under controlled conditions and as cpiickly 
as possible. A monochromator was placed at one end of a room having i.ontrolled 
temperature, humidity, and light conditions. A large number of plants were started in 
this room in culture plates, each containing 16 plants. Three days after the initial 
.soaking, six plates were spaced out at measured interv:ds from tlu' monochromator so 
that the front plate would receive appro.ximately 50 times as high a monochronuitic 
intensity as the back pkite. The intensities at each position wrre determinetl before 
and after txich experiment. The plates were jjositioncxl in a series ol vertical stej>s so 
that there was no shadowing of one culture by another. Behind each c.ulture, at right 
angles to the monochromatic btxim, a sheet of green sensitive film was placed so that 
all the plants could be shadowgraphed with a single green exposure before and after 
curvature development, without having to move the plates in any wa3^ After the 
first shadowgraph all the plants were e.\|K).sed simultaneously to the monocdiromatic 
light for a few .seconds; 100 min later a second shadowgraph was superimposed on the 
first to give a record of the curvatures resulting from the, phototropically active light. 
In this manner an entire response, curve was obtained in a single experiment, 'fhen 
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tlie monochromator was set for another wave length, new plates set up, and another 
response curve obtained. Finally, the monochromator was reset at the original wave 
length and the first experiment rerun on the same day. Tims we repeatedly checked the 
three critical wave lengths of the easily isolatc'd mercury lines in the blue and near 
ultraviolet. 

The results are shown in Fig. i. Each individual experiment at a givi‘n wave length 
is indicated by a .series of six characters which fall roughly on a straight line when 
plotted logarithmically. The abscissa for each of the three wave lengths is shifted one 
log unit to the right to avoid overlap. The data hen* show triplicate runs at 365 and 
405 in//, duplicate runs at 43(1 mu. We hav(‘ drawn the b(*st straight lines through all 
the data and have made the three solid lines parallel because the data give no indi- 
cation of any difference l)(*tween tlu* slopes. 'I'he broken lines indicate the slope dif- 
ferences d(Ti\’ed from the data of Shropshire* and Withrow. Thus, if the .slope at 405 
Til// is taken from the solid line*, then from their data the broken line at the far left 
would give tlu^ir ratio of 3(15 to 405 slopes; conversely, if tlu* 365 nyi slope, is correct, 
one wouhl have predicted tlu* broken line at the right for tin*. 405 m/i response curve. 
Our results clearly do not fit the ratios predicted by their data. We conclude that no 
significant difference in llu* slopes of the dos(*-response curves at various wave lengths 
has yet becMi dtmionsUated, and we feel that these experiments support the notion 
that a single plmk\r<M'eptor and inechanisTn underlit's th(*se first-positive phototrojiic 
res])onses of coleoptiks. 


RFKKKKNCICS 

' M. I)KLKR(Ua< ANO W. l^icicuAKDT, ill CiUitlur Mechanism in Diflcirnlialion and (icowth, cd. 

I). Uen.NicK, Priiicrton rnivcTsil}* 1’rc.s.s, l*rinc».*ton, 
a (;. M. Curry anu H. K. (iRUKN, Prnc. \atl. ^Acad. Sci., (I.S., t5 {i959) 707- 
3 \V. SiiRoesiiiRi: Jr. anj» R. H. Wi iurow, l^iant /'hvsiol., (>058) jfx). 

* M. ni.\ \nw- 1 1'NSKN, I'hrsis, I trccht, 



158 


PECULIARITIES OF THE OPTICAL PROPERTIES 01 ^' LEAVES 

DURING VEGETATION 

S. V. TAGEEVA, A. B. BRANDT and V. G. DEREVJANKO 
fnslitute of Biological Physics, USSR Academy of Sciences, Moscow (U.S.S.lt.) 


In the vast literature on the study of the optical properties of leaves, this (piestion is 
discussed mainly from the point of view of studying light absorption, reflection and 
transmission in the static state. In Rabinovitch’s monographs*-2 (1951, 1950). Frcncli’s 
review papers®-'* (1956-1959), Kleshnin and Shulgin’s papers®*® (1959, 1959) and the 
paper by Shibata’ (1959) we .sec a detailed analysis of spectral curves which oxpre.ss the 
optical properties of leaves in connection with the chloroplast pigment .system, with 
the structural peculiarities of leaves, which refer to different ccologic groups and so on. 
Until now the problem of the changes of the optical properties of leaves during the 
vegetation period has been studied insufficiently. 

In the present investigation we directed our efforts to the study of the optical 
properties of leaves from two silvan species: (i) light plants Helula verrucosa and (2) 
shade plants Tf/ta cordata, growing under natural conditions near Moscow". Systematic 
measurements of the leaves’ optical properties, that is, the coefficient of light absorp- 
tion, reflection and transmission have been done with the help of an integrating photo- 
metric sphere (Tageeva*); simultaneously in parallel, the chlotophyll and carotenoid 
content of control leaves, as well as their weight and area were determined. The first 
determinations \V(!re done on May 13, approximately 7 10 days after the beginning of 
blos.som, and lasted during the whole summer period, until the leaves grew yellow — 
October i, the end of leaf existence. 

In Fig. I the data for Hetula are represimted. (jirves i, 2, and 3 show changes of 
absorption coefficients during the leaf e,xistence in tliree regions of the spectra. We 
can see that absorption of light by a leaf in the blue region of the spectra (curve i) 
remains on the same level (95%) during almost the whole v'egelation period, decreas- 
ing insignificantly at the end of vegetation to 92%. I'he absorption coefficient in red 
(curve 2) and green rays (curve 3) changes much more. It can be noted that the ab- 
sorption coefficients in the red and green regions grow considerably : from 65 to 85% 
and from 55% to 78% respectively, increasing with a more intensive chlorophyll 
formation. After reaching this level of light absorption in the red anil green regions in 
the beginning of June, the spectral coefficients of ab.sorption remain almost constant 
during the main period of vegetation until the middle of September. The amount of 
chlorophyll of 2-2.5 mg/ioo cm® is optimal .and provides for the maximal light ab- 
sorption by a leaf in different regions of the spectra. F urther 'change of the chlorophyll 
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content in the fully grown and shaped leaves is not followed by the change of the light 
absorption coefficient, which reaches the plateau and remains there until the autumn 
period, as can be seen from Fig. 1. But the absorption in the red and green regions 
falls very sharply at the end of vegetation, when the chlorophyll content decreases and 
becomes less than 2 mg/ioo cm‘-. 



I''ig. 1. JJetula verrucosum. Dynamics of spectral coefficients of light absorption by a leaf and 

])igment content during vegetation period. 


Variations in tlie intensity of radiation during tlie season do not change the absorp- 
tion coefficient; its value does not depend on radiation intensiiv' As is evident from 
the experiments, the eliange of radiation from ly/VII to 20/IX is not followed by the 
simultaneous decrease of the light absorption eoefficicmt ; at the same time a .sharp 
decrease* of the pigment conte'nt from 20/IX to I/X called forth corrc.spondingly 
almost complete cessation of light absorption in the nnl and green regions of the spec- 
tra. The liglit ab.sorption is defined not only by pigment .systems but also by struc- 
tural elements, such as a thicker leaf structure due to the presence of thick membranes 
of cells and a greater amount of mechanical ti.ssues. As can be seen from curve I, 
which characterises the coefficient of absorption in the blue region of spectra, the 
’coefficient did not alter during an autumn period, when considerable destruction of 
pigments took place. 

On Fig. 2 can be seen the data for a shade plant • Tilia conlatti. The direction of the 
curves reminds one very much of the already discussed data for Betula, However, 
there are certain differences, which are connected with the structural peculiarities of 
the constitution of a thinner leaf of Tilia which contains fewer mechanical elements 
and thinner mesophyll than in the leaf of Beltda, Therefore there is a closer similarity 
between the curves of ab.sorption coefficient and chlorophyll content in Tilia leaf in all 
spectral regions. 
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It is very interesting to compare the irradiation data for TUia and Betula. In forest 
conditions, where the TUia trees taken for our experiments grew, irradiation did not 
exceed 6oo-i,ooo cal/cm^, and in the forest with Hetuh it varied during the summer 
period between 4,000-6,000 cal/cm® for lo-day period. 'I'lius, the leaves of Betula 


A\ Sm* 



Fig. 2. TUia corUa/a. Dynamics of sjicctral ctH'fficinnts of light cil)sori)tion by a leaf and pigment 

content during v(»getation period. 



Fig. 3. Betula vcrrucosum, S])ectral coefficient of light absorptiim in normal and infiltrat'd h'aves 

during various vegetation ]H*riods. 


received 6 times more radiant energy than TUia. Howcvei the coefficients of absorp- 
tion for both species were practically e(|ual. Our experiments illustrate very well 
the statement about more effective use of radiant energy by those plants which arc 
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adapted during their long evolution to the condition of iiisufficient illumination, 
[t IS ? Hid which compensates for light deficiency by its intensive growth of foliage 
area. 1 he area of one average leaf of Ttlia is almost two-times larger than a Betulu leaf. 

This makes it possible to absorb more completely all the radiant energy incident on 
the tree. It also results in the fact that accumulation of weight in one leaf of Tilia is 
only two times less than the weight of Betula. The weight of Tilia leaf (mg/cm^) 
equals 8 mg/c.m‘- and in Beltila 14 mg/cm®. 

This is proved by the comparison of our data plotted according to the spectral 
distribution of coefficiemts of light absorption by the lea\es in different periods of 
vegetation. 



Tilia cordala. SiH'ctral of alworption in iiorin o .irul infiltratt'cl Iravos 

(hiring various vt'gvtation periods. 


From Fig. 3 can be seen how quickly tlie optic apparatus is formed in a young, 
intensively growing leaf. Ayjproximately 10 days after the beginning of leaf growth, 
the caj)acity for light absorption in the blue and even red regions of the spectra reaches 
maximal values. Infiltration of a thicker xeromorphic leaf of IhTula with water does 
not significantly decrease the absorption cocffu:ient. After the infiltration we observed 
Virtually no changes in tlu! red, green or the blue regions. 

Xh(^ curves of the experiments carried on with yc'llow leaves of Betuhf on October i, 
represent sharp violation of the absorption in the •region 520 700 m//. In this case, 
infiltration of Betula leaf also did not bring about any considerable changes. As far as 
the similar data for Tilia (Fig. 4) are concerned, there are, together with general 
siinikirity, considerable differences from the curves for Betula, connected wdth pecu- 
liarities of constitutions of the thinner leaf of Tilia. 

Thus, infiltration in both experiments (on June 20 in the period of the leaf's most 
intensive activity, and in the period of autumn leaf withering) leads to a considerable 
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decrease of light absorption, mainly in the green region of the spectra with less a: sorb' 
ing power and a slightly smaller decrease in the red region. 

Infiltration of leaves and filling the air-containing spaces decrea.ses the heteroec-ne t 
of their internal structure and changes the relation of the optical properties. Proiii 
this it is evident that intracellular .spaces in leaf me.sophvlI play an important role not' 
only as air-containers but help to multiply reflection of light inside the leaf wliich 
increases its absorbing abilities and utilization by the plant. 
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STUDY OF OPTICAL PROPERTIES OF LEAVES DEPENDING ON 
the angle of light INCIDENCE 
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Illumination of plant loaves by tho rays of the sun during daytime occurs with over- 
changing incidence angle, which is determined by the height of the sun over the 
horizon. Therefore in\'estigation of the probltun of the e.vtent to which the optical 
properties, leaf absorption of light in particular, can depend on the change of the 
angle of ray incidence angle, is of special interest. 

I he leaf is a heterogenous system with a highly complicatt'd structural organisation 
and with different o.jJticji] density of the component elements such as: cell membrane, 
juotoplasm, plastids containing various pigments, stained cell sap, the dense network 
of intracellular spaces filled with air, water vapours. 

The rays of light, encountering .such a heterogenous medium, undergo multiple 
refraction, reflecting at different angles which leads lo considerable light scattering 
anil its secondary absorption inside the leaf. Therefore, it is impossible to calculate the 
change of absorption, reflection and transmission coefficiimts, with the change of 
angle of incidence of the irradiating light in accordance with the law of geomidrical 
optics. 

There are certain papers in the literature, which describe the problem of the leaves’ 



Fig. I. Universal arrangement for the study of optical properties of leaves. 
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Fig, 2. Spectral coefficient of reflection {R), transmission ( 7 ‘). and absorplion (/J ) of light by a h^af 
of Ficus elaslica depending on the change of light incidence angle. - A =- (>56 m//,; 

- A ~ 545 mfi\ A - 463 m/I. 



Fig. 3. Spectral coefficients of reflection (R), transmission (T) and absorption (A) of light by a 
leaf of Hibiscus rosa sinensis^ depending on the change t>f light incidence angle. -- — white light ; 
— ' A — 545 m/i; A ^ 656 m/i; A 463 m/i. 
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srattering ability by the nature of the indicatrissae of scatter of the reflected and trans- 
mitted light with a constant incidcmce angle (SeybokU, Loomis et air, Rabinovitch^). 
But a biologist is much more interested in studying the light absorbed by the leaf 
which calls forth all the physiological processes in living plants depending on a dif- 
ferent angle of light incidence. Therefore the present investigation is a study of 
absorbtion coefficients of different regions of the spectra, depending on the change of 
the light incidence angle. Simultaneously the light reflection and transmission coeffi- 
cients have been studied. The measurements have been done on a universal arrange- 
ment for the study of leaf o])tical properties, proposed by the authors (Tageeva 
and Brandt‘S) in white lighi from a cinema lamp (500 \V), and in a monoc hromatic light 
obtained with the help of interference light filters of k =-^ 404, 463, 545 and 656 m//,. 

As is s(‘en from Fig. i our arrangement with an integrating photomedric sphere 
d 500 mm, (mabl(»s us to place an intact leaf inside the sphere and to change the 
position of the leaf plane* in relation to the ray of the incident light by means of a 
special devic'e. This arrangement also cmables us to evaluate the leaf optical properties 
de])ending on the change* of the light incidence angle. 

Leaves with different .structure were used for investigation, thick glo.ssy leaves 
Fii'm clasticu (h'ig. 2) less thick leaves with glo.s.sy surface flihiscus rosa sinmsis 
(h'ig. 3) and the leaf of Lactuca saliva with a thin light plate (Fig. 4). Besidc's, it was 
interesting to .stud^ leave's of Colcas (Fig. 5), which contain anthocyans in the cell 
sap of the upper epidermis. 

To consideir the role of one or another structural elememt of the leaf in the light 
absorption and scattering, in addition to the study of common leaves, we use^d on the 
one* hand, leaves infiltrated by woter which considerably decreased their heterogeneity 
while the pigment apparatus was preserved, and on the other hand yellow autumn 
leaves with constant heterogeneity, but a destroyed pigment composition. 

From the* given Figs. 2 -5 it can be clearly seen that the reflection coefficient of light 
changes greatly with the change of the light incident angle. Thus at the incident 
angle 0'', that is with the incident light perpendicular to the plane of a leaf, the reflec- 
tion coefficient is minimal, and with increase of the incidemt angle it incrca.ses greatly. 
Similar phenomena can be observed both in thin dull leaves (l ig. 4) and in leaves 
with gk^ssy surfaces (Fig. 2). Another regularity is observed in the study of the trans- 
mission coefficient of light by tlui leaves. On j)erpendicular illumination the tran.s- 
mis.sion coefficient is maximal and it becomes minimal on illumination at an angle 
75 °. 

Owing to the fact that with the increase of the n* fleet ion coefficient a simultaneous 
decrease of thc^ transmission coefficient is observed along with a .simultaneous change 
of the incidence angle from o^ to 55^, the coefficient of absorption of light with dif- 
ferent wave lengths remains practically con.stant. It is only at the angles of incidence 
more than 60*" that the absorption coefficient decreases insignificantly. 

The experiments with a leaf of Coleus (Fig. 5) ^i f^bat due to the supplementary 
pigment (anthocyans), the coefficient of absorption increases greatly and, correspond- 
ingly, coefficients of transmi.ssion and reflection decrease, but the shape of the curves 
of optical parameters remains, as in the common green leaves, dependent on the angle 
of light incidence. 

We tliink that on the ba.sis of the adduced experimental data it is impossible to 
draw any conclusions about the ideal scattering ability of leaves since coefficients of 
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Fig. 4. Spectral coefficients of reflection (/Oi transmission ( 7 ') and absorption (A) of light by a 

leaf of Lactuca sativa depending on the change of light incidence angle. - white light; 

^ ^ ()5() ni^; - ■ — A = 545 ^ 463 m/i. 



Fig. 5. Spectral coefficients of reflection (i?). transmission (T) and absorption (^) of light by a 

leaf of Coleus depending on the change of light incidence angle. white light; 

A = 656 m^; A == 545 *n/i; . A -- 463 
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transmission and reflection of light by the leaf change considerably depending on the 
angle of light incidence. We can define an ideally .scattering medium as one in which 
transmission and reflection of light satisfies Lambert’s law, and the brightness is equal 
in all directions no matter what is the direction of light falling on the irradiating plane. 

Now let us consider the data from the .study of infiltrated leaves. The optical 
heterogeneity of the leaf tissue structure conditioned by a great number of surfaces of 
separation between the solid, liquid and gaseous phases determines its complicated 
optical ])roperties as those of a dull, intensively scattering medium. 'I'herefore with 
the change in this heterogeneity, for example, with its weakening at the expense of air 
displacement from the intercellular .spaces and the substitution of the gaseous phase 
b>’ water, we must weaken the .scattering ability of a leaf tissue and change its optical 
])aiameters. 



6. Spectral c(wfficicnts of reflection (It), transmission {T) and alworption (A) of light by an 

infiltrated leaf of Lactuca sativa depending on the change of light incidence angle. white 

light; - - - - A — 656 ni^: — . — A = 545 m/i; A = 403 «»;«■ 

The results of measurements are given in Fig h [Lactuca) and I'lg. 7 (Hibiscus). 
In fact it is possible to note, a considerable decrease of light reflection coefficient in 
infiltrated leaves at the expense of a decrease of the back reflection on the border of 
two phases (cell membrane, water in the intracellular spaces). However, the general 
regularity of the shape of the curves in the reflection coefficient of the incident light 
remains as in the control leaves, that is, with increase of the incidence angle the 
reflection coefficient increase's. 
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Fig. 7. Spectral coefficients of reflection (R), transmission ( 7 *) and absor]>tion (A) d Ught by a 
infiltrated leaf of llibiscns rosa we? ws/.-? depending on the change .of light incidence angle. — 
white light; A - 656 A 545 ni/i; A = .163 nyr 



Fig. 8. Spectral coefficients of reflection {R), transmission (T) and absorption (A) by a yellow leaf 

of Ficus elastica depending on the change of light incidence angle. A — 656 ni//; 

A 545 mfi\ A 463 nm. 



The transmission coefficient increases greatly upon leaf infiltration but it decreases, 
as in the control leaf, with the increase of the light incidence angle. 

The greatest deviations from the norm are observed on the absorption of light by the 
thin leaves of Lactucu (Fig. 6) after their infiltration. With the increase of the angle of 
light incidence on the leaf, the absorption coefficient increases greatly, compared 
with the control leaves, it being known that the degree of increase depends on the 
spectral composition of the incident light. Thus, for the ray X == 545 m/«, the absorp- 
tion coefficient increases from 21% (in the control) to 44% in infiltrated leaves on the 
change of the incidence angle from 0° to 75°, and for the rays oiX~- 463 m/i the ab- 
sorption increase goes on correspondingly from 71% only up to 84%. 

This increase of the coefficient of absorption of light by the leaf with the increase of 
incid('nce angle in the infiltrated leaves can be explained by the decreases of the leaf 
heterogeneity and thus the less intensive light scattering, on the displacement of air 
in the intracellular .spaces by water. This results in the fact that the distance of light 
passage through the leaf lengthens, whil»* the absorption increases proportionally 
as well. 

However, alxsolute values of the absorption coeffit;ients in infiltrated leaves will be 
less than in the control at all the angles of light incidence. 

Our data on the comparative study of the optical properties of the infiltrated and 
I'oinmon leaves allow us to conclude that the intracellular spaces in the leaf meso- 
])hyll not only are the system in which a leaf ga.seous excha '.ge is fulfilled, but also 
assist in a greater internal .scattering of the light penetrating into a leaf and provide 
for a better light utilization on the repeated internal reflextions. Although the geomet- 
rical optics of "iheheaf are very important for the des('ri])tion of its optical properties, 
the system of pigments which actively absorb luminous energy is of a primary im- 
portance. 

A convincing .sup]X)rt of this statement is the data gix tm below on the evaluation 
of optical parameters in leaves that became yellow and contained sharply decreased 
amount of chlorophyll. Thus in a yellow leaf Ficus (Fig. 8) compared with a common 
green leaf (Fig. i), coefficients of reflection and transmi-ssion sharply increas(‘ in the 
rays X — 545 m// and 656 m// while in the rays X — 463 m/< there are almo.st no 
('hanges. Simultaneously, the absorption coefficient abruptly falls in the rays X — 
545 m/I and 05 () m/i and remains almost constant in the rays X — 463 m//. 

As far as the light reflection, transmission and absorjition ('Ov.i i'icients lare concerned 
in the leaves that had yellowed, depending on the angle of lig'nt incidence the shape 
of their curves remains as in the common h'avcs. 

Due to the fact that the maximal height of the sun over the horizon is at 5 ^- 55 ° 
in the mean latitudes during the day in summer, and the mfiximal irradiation has a 
surface perpendicular to the incident rays (incidence angle 0°) the position of the 
majority of leaves at the angle 45-55° to the horizon becomes clear. The leaves are 
thus in the most favourabh^ position (to the direction of incident rays), for the greater 
part of the day light period, when the absorption cotdficient is the greatest. 
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STUDIES OF THE FUNCTION OF PHOTOSYNTHETIC PIGMENTS 

MARY BELI.E Al.LEN*, LAWRENCE H. PIETTK and JACK C. MURCUIO 

Laboratory of Comparative Biology, Kaiser Foundation Research Institute, Richmond, Calif., 
and Instrument Division, Varian Associates, Palo Alto, Calif. (U.S.A.) 


A number of studies in recent years have indicated that activation of more than one 
pigment may be necessary for efficient photosynthesis^ Tlu^ pigments may be 
chlorophylls a and b, chlorophyll a and a biliprotein pigment, chlorophyll a and a 
photosynthetically active carotenoid, or even two in vivo "forms” of chlorophyll 
The experiments supporting this concept depend upon increases in photosynthi'sis 
with a given wavelength of monochromatic light when a second wavelength, absorbed 
by a second pigment, is added, or upon observation of transients on passing from 
photosynthesis at one wavelength of light to that at another. The recent studies of 
Myers and French’, in which it was shown that the, different wavelengths of light 
exciting the two pigments produce their effect even when applied several seconds 
apart, have suggested the possibility of formation of different photoproducts in 
reactions catalyzed b}' the different pigments. 

Since it seemed a priori likely that free radicals might be among the photoproducts, 
the production of these by light of various wavelengths has been investigated by 
electron paramagnetic rcasonance (EPJ<) spectroscopy. Production of free radicals 
upon illumination of chloroplasts or algae hcis previously been observed by Commoner 
et and by Calvin and associates^®*”, but the strong absorpt'on of microwaves by 
liquid water forced these investigators to work with thick pastes of material under 
unphysiological conditions. Development by Varian Associates of a thin quartz cell 
which can be positioned in the nodal plan* of the miciowave cavity has made it 
possible to work with cell suspensions under psn'siological coi)ditioa.s. 

On illumination olChloreUa pyremidosa with whitelight an EPR signal with half band 
width of 14 gau.ss was induced. No fine structure of the band could be detected. On 
darkening, a portion of the signal decayed rapidly, while the. .■ emainder decayed very 
.slowly, taking up to 5 min to disappear. The rise and decay times of the "fast” signal 
depended upon the density of the cell .saspension u.sed and on whether it had been 
recently stirred. 

Illumination of a non-photosynthetic Chlordla mutant iiuluced only a trace of 
microwave absorption. 

The blue-green alga Anabaena cylindrica and the non-sulfur purple bacterium 
Rhodopseudomonas palustris both gave on illumination a single sharp signal with half 
band width of 10 gauss. The ri.se and decay times of this .signal were around 1/3 sec; 

• Supported in part by contract AT (04-3)-232 with the U.S. Atomic Energy Commission. 
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110 slowly decaying component was observ'ed. The band widths of the signals agree 
in general with those observed previously* but the rise and decay times are dif- 
ferent, probably due to the difference in experimental conditions. 

Addition of potassium cyanide (0.01 M) to a suspension of Chlorella pyrenotdosa 
completely abolished the slowly decaying component of the signal ; addition of sodium 
azide or hydroxylamine reduced its magnitude and hastened its decay. None of these 
inhibitors affected the fast component. 

The EPR signals prodiu:ed in all three organisms by 
monochromatic light were similar to those induced by 
while light. 'Hie action spectrum for (.‘xcitation of the 
Kl^R signal in Anabacna cylindrica is shown in Fig. i. 
It will be seen that it follows in general the absorption 
spectrum of the cells, but that the long wavelength 
region of the chlorophyll absorption band, which is rela- 
tively inefficient for photosynthesis, induces a greatiT 
KPRsignalthaiu^xpected, when^as phycocyanin absorb- 
ed light, which is photosynthi^tically effective, gives a 
smaller EPR signal than expected from the absorption. 
Sinc'' it is the stejidy state, concentration of free radicals 
that is measured in th(\se expcTirnents, it seems possible 
that their more rajnd removal under optimal photo- 
synthetic illumination, and their less rapid removal 
under sub-optimal, can account for this variation. The 
action spectrum for excitation of the fast .signal in Chlo’ 
rclla pyrenoidosa also follows the general pattern of the 
absorption spectrum of the cells, but .shows a broaden- 
ing which may well ha\^e the .same cause as di.scu.ssed for 
Anahaena. It will beof great interest to observe the effect 
on the EPR action spectrum of addition of a second 
wavelength of light. 
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ABOUT CERTAIN PECULIARITIES OF BIOLOGICAL ACTION 
OF U.V. RAYS WITH DIFFERENT WAVE LENGTH 

I. A. VOROBJEVA 

USSR Academy of Sciences, Moscow ( U.S.S.R.) 


The present investigation is a stud}' of the effect of U.V. rays of different wave length 
on the skin electrical conductivity, crythemal reaction and white corpuscles of rats. It 
is evident that the cau.se of different effects of U.V. rays lies in the specificities of 
photochemical reactions. This difference consists not only in the fact that one region 
of the spectra affects proteins and other materials such as nucleic acids, but also in 
the fact that different regions of the spectra bring about different changes in one 
and the same irradiated substrate. Thus Kofman (i()46) in in vitro exp<;riments 
showed that short wave rays bring about primarily coagulation and denaturation of 
proteins, wliercas long wave rays cause processes of photolysis. It is probable that 
general regularities in the effect of U.V. rays with different wave length which w’cre 
observed in the in x'itro experiments can also appear in the whole organism. 

It is known that on irradiation with U.V. rays the permeability of cells with respect 
to organic and inorganic substances changes, which results in redistribution of ions 
between cells and intracellular media and pii changes in subcutaneous cellular tissue. 
For the study of ion redistribution at present a technitiue of electrical conductivity is 
successfully used. This technique permits the study of physico-chemical processes in 
tissues without disturbing their life activity. 

We expected that this technique would help us to detect diffeionces in the effect of 
U.V. rays of different wave length on the physico-chemical state ol skir, and also to 
detect the phenomena that are connected with its functional state, for (example, the 
filling of the vessels with blood. 

Skin electrical conduct ivit}' was measured at two fnxpiencies, viz lo” and lo* Herz. 
As far back as 1940 Tarusov proposed that the index of viability of tissues should b<’ 
considered not as the absolute values of resistance but as the ratio of low-freciuency 
resistance (R4) to high-frequency resistance {Ro). RijRa is termed the coefficient of 
polarization. The following sources of U.V. radiation were used; sunburn lamps 
(U.V. A, max 365 mfi),erythemal lamps (U.V. 7 #, max 310 m/i) and bactericidal lamps 
(U.V. C, max 254 m/<). Irradiation was done with different doses. 

The data obtained show that the coefficient of polarization decreases on U.V. 
radiation, mainly at the expense of low-frequency resistance. Dependence of the skin 
reaction on the length of the irradiation wave is observed: on irradiation with U.V. 
C (254 m|it) the coefficient of polarization begins to decrease imm<!diately after irra- 
diation even before the appearance of erythema, on irradiation with U.V. B (310 m/«) 
only several hours afterwards, and in many cases only after the appearance of 
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crythenui^ On irradiation with U.V. A (365 ib//) erythema did not appear and the coeffi- 
cient of polarization docs not change. In all experiments the coefficient of polarization 
decreases more intensively, the brighter the erythema, and as a rule the maximal 
erythefiia is always followed by a minimal value of the polarization coefficient j with 
the disappearance of erythema the polarization coefficient returns to the norm. 

With strong erythema, the polarization coefficient decreases more than 8 -fold. Thus, 
it becomes evident that the change of the coefficient of polarization is defined by the 
erythemal reaction; this is especially clearly seen for U.V\ B. But in the initial period 
after irradiation with U.V. C, the polarization coefficient is independent of the devel- 
opment of the erythemal reaction; this is the principal difference between the two 
comparabk' areas of the spectra. It can be supj)osed that during tlu* first hours after 
irradiation the specificitj^ of the changes of the polarization coefficient depends on the 
peculiarities of the physico-chcmiical processi^s which appear in tissues depending on 
the length of irradiation wave, but further changes of the polarization coefficient are 
defined also by the erythemal reaction. 

Erythema and skin electrical conductivity are the indices of local organism reaction. 
White blood corpuscles were studied as an index of general reaction. The amount of 
leucocytes increases on irradiation but the dependence of the blood reaction on the 
wave length of irradiation was also ob.stirved. After treatment by U.V. rays (U.V. C) 
as a rule one maximum in the amount of leucocytes appears in time; on irradialion by 
U.V. 7 i and A in Hh* ^iiitj*»rity of experiments two maxima appear. 

In the course of this investigation the intensity of local (erythema and blood elec- 
trical conductivity of the skin) and general (blood) reactions of the organism were 
compaicd. The results have proved that in half of tlu‘ ()0 experiments carried out, 
the degrees of general and local reactions of tlie organism do not correspond; that is, 
with strong erythema the blood reaction do(is not change at all, and if the polarization 
coidficient does not change, a more than three-fold increase in the leucocytes amount 
takes place. Thus, erythema is rather an index of tlie light-sensitivity of the organism, 
rather than an index of its functional state. 

The data obtained prove that U.V. rays of different wave hmgth have different 
effects on local phenomena (erythema, blood electrical condus iivity) and general 
phenomena (blood). The specificity of the effect of light of different wave length can 
be partially detected with the help of the metliod of electrical conductivity used in the 
present investigation. 
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BIOLOGICAL ACTIVITY OF THE PHOTOSYNTHETIC PRODUCTS OF 
PLANTS ILLUMINATED IN LIGHT OF VARIOUS SPECTRAL 

COMPOSITION 

R. G. BUTENKO, A. A. NK'HJPOROVrCH and N. N. PROTASOVA 
Institute of Plant Physiology, USSR Academy of Sciences, Moscow fU.S.S.R.) 


Extensive data now available indicate that even after very brief illumination of 
plants, the radioactive carbon absorbed by them during photosynthesis can be 
detected in a variety of substances. We have found that the composition and relative 
quantities of labelled products can change depending on the conditions prevailing 
during photosynthesis’-®. On this basis we'*® have repeatedly suggested that the 
biochemical specificity of the plants, which determines many pocuharities of their 
physiological condition or of their physiological response to the environment, stems 
from qualitative differences in the products of photosynthesis formed under various 
conditions. However, a purely chemical analysis of the photosynthetic products would 
not be sufficient to determine the physiological significance of the various products 
formed under different conditions. 

In an attempt to solve this problem we have performed some experiments making 
use of biological tests. The composition df the products of photosynthesis was changed, 
for example, by illuminating the plants with light of differing spet:tral composition. 
This factor, which has been studied in some detail’ ’ pronouncedly affects the chemi- 
cal mechanisms of the plants and hence the comixjsition of th<; products and the growth 
and development processes. 

Bean plants (variety “Triumf sakhamaya” N 764) were grown for 14 days in light 
from white light fluorescent lamps (w.l.) (experiment variant 2). After 24 h in the 
dark they were illuminated for 3 h in closi>d compartments with light from: (/) red 
fluorescent lamps, phosphor ZnBiSiOa (variants 6 and 7) ; (2) white fluorescent lamps 
(w.l.) (variants 8 and 9) and (3) blue fluorescent lamps, phosphor CaW04-|-MgW04 
(variants 10 and ii). The irradiance under the blue lamps was 24.400 erg/cm®/sec, 
under the white lamps 20.000 erg/cm®/sec and under the red lamps 19.380 erg/cm®/sec 
which corresponds to equal fluxes of quanta (in “einst«Mns”). In. each of the indicated 
types of experiment there were two variants, — one in which the illumination was 
carried out in the presence of CO2 (0.04 vol.%) and one without CO2. 

As controls some experiments were carried out by cultivating the plants over a 
prolonged period (var. i and 2) in red or blue light or by keeping the plants in the 
dark in the presence or ab.sence of CO3 (var. 4 and 5). 

The complete scheme of the experiment was thus as follows: 
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After exposure the leaves were detached and after removal of the major veins, were 
fixed in liquid nitrogen, ground in the frozen state and extracted with water over 18 h 
at a temperature of about 0°. The extract from 4 g of fresh leaves was added to oik* 
litre of the nutrient medium in which the tissue of the test object was grown. As test 
object wt* employed a carrot root tissue culture obtained in 1956 from M. Zelinski of 
Poznan Univ^ersity to whom we would like to express our appreciation. In 1957 and 
later the. tissue was cultivated in Nitsch's agar medium*^ which besides mineral salts 
includes 25 g /1 of gluco.se. The tissue used in the experiments belongs to the habituated 
type and does not^ fcSpiir^^ the addition of auxins to the nutrient medium for growth. 
It is moreover autotrophic in respect to vitamin synthesis and hence it was not neces- 
sary to add vitamins to the medium. 

A priori, therefore, it could be assumed that if any active substances were found in 
the extracts which caused a positive or negative response of the tissue, the probability 
that these substances were carbohydrates, auxins or vitamins would be very low 
provided, of course, that the amount of these substances did not increase to abnormal 
values. The leaf (extracts were addcxl to the m<‘dium prior to its sterilization in the 
autoclaves (at 0.75 atm for 20 min). The tissue was cultivated in the dark in an air 
( onditioned room at 26"" and relative humidity of 70% ^ j)eriod of 7-8 weeks. In 

each experiment there were 10 p)i(*ces of root tissue. After growtn of the tissues they 
weri! weighed and the percent of dry weight was didermined in e.c li of the variants. 

The Hisults of such measurements are shown in Figs. 2-7. 

The columns of Figs. 2-7 de.signate the weight in mg of (^ach of the lo calluses in 
each variant of the experiment. 

It will be seen that the extract from leaves exposed to light under various conditions 
posse.s.ses different pliysiological acti\’ity. Thus that from leaves of plants grown for 
14 days in blue light (variant 3), or exposed for 3 h to blue light (variant 10), stimulates 
the growth of carrot tissues to a much greater extent than does the extract from the 
leaves of plants grown in (variant i), or i‘xi)osc?d to (variant 6), the light of red lamps. 
With respect to biological activity, the extract from leaves of plants grown under 
white light lamps (variant 2) occupies an interm, liate position. However, the most 
important result of these experiments is the fact that photosynthesis is the decisive 
factor determining the biological activity of the extracts of plant leaves exposed to red 
or blue light. From Figs. 4 and 5 it can be seen that exclusion of CO2. that is, prevention 
of photosynthesis during exposure of the plant in blue light (variant 2) considerably 
lowers the stimulating action of the extract from these leaves. On the other hand. 
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prevention of photosynthesis in plants exposed to red light (variant 7) considerably 
enhances the stimulating action of the resulting extract . Exposure of the plants in 
white light in the presence (variant 8) or absence (variant 9) of CO2 sdelds results which 
are similar, insofar as the plant leaf extract activity is concerned, to those obtained 



Fig. I. Growth of carrot tissue, i. In Nitsch medium with a. 5% glucose addend. 2. The same -f an 
extract from bean leaves grown in red light. 3. The same -f- an extract from bean leavcjs grown 

in blue light. 


by exposure to red light (Fig. 5). Extracts from the loaves of plants which were in the 
dark under normal conditions (variant 4) or deprived of CO2 (variant 5) during the 
final 3 h dark exposure possessed identical biological activities (Fig. 7) . Thisrestablishes 
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Figs. 2-7. The columns designate the weight in mg of each of the 10 callu.ses in each variant of 

the experiment. 


Fig. 2- I . Extract from leaves of a bean plant 
grown 14 days in blue light (variant 3). 2. 
Extract from leaves of bean plant cultivated 
in red light (variant i). 3. Control, Nitsch 
medium without extracts from leave.s. 


Fig. 3. I. Extract from leaves of bean plant 
exposed 3 h in blue light (variant 10). 2. 
Extract from leaves of bean plant exposed 3 h 
in red light (variant 6). 3. Control, Nitsch 
medium without extract. 
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that it is in fact photosynthesis and not dark CO2 fixation which is responsible for 
the different biological effect of the other extracts. 

The chemical nature of the products of photosynthesis respon.sible for the effects 
described above cannot be deduced from the present experiments. However, from the 
preceding considerations it seems that these can b(^ neither carl)ohydrates, auxins nor 
vitamins. Nitrogenous substances produced during photosyntliesis may be responsible. 
This agrees with some previous .suggestions^ and with the fact that blue light is es- 



.j. I. Kxtract from k*avcs of boan plant log. 5. 1 b.xlnu t from heaves of l)(*an plant 

rxposi'fl 3 li in blue* light in prcs<*iK’t‘ of i n- t-xposccl 3 h in red light in pn^scnci* of ('O-i 

(variant 10). 2. 'I lu; .saiiK’ but v\ ith ('( )2‘*xt’liitl- (variant (>) 2 'Phi* sanu* but vv ith ( ( >2 cxcliiilril 

<•(1 (variant 1 1). (variant 7). 
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iog. 6. i. ICxtract from leaves of Ix'an plant 
exposed 3 h in w'hite light in i)n'S«Mice *)f ('()•» 
(variant S). 2. 'Phe same bnt with ('Ooexeliid- 
ed (v-ariant 0). 


Fig. 7. ICxtraet from leaves of bean plant kfjpt 
in dark 3 h in pn ‘^ence of ('()•» (variant .\). 2. 
'Phe same but with ('02 exehiiled (variant 5). 


pecially effective in the photosvnthetic formation of nitrogenous substances such as 
atniiio acids and proteins^"'*. It is also in accord with our obseivation that the piiiine 
and pyrimidine type of substance stimulates the growth of tissues similar to those used 
in this study. 
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The experiments described in the present paper thus show that during photo- 
synthesis compounds of high physiological activity are produced whose composition 
and relative amounts strongly depend on the spectral composition of the light. It may 
be assumed that it is just these substances which give rise to the pronounced differ- 
ences in the growth and development of plants cultivated in light of different spectral 
composition. The results also indicate that the biological test method may effectually 
be used in the study of the various products of photosynthesis and their physiological 
significance. 
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finb: structure of aquatic photorpxeftors* 

JEHOMK J. WOI-KEN 

Biophysical Research Laboratory, Eye and Ear Hospital, [University of Pittshar^h, 
School of Medicine, Pittsburgh, Pa. (U.S.A.) 


Pliotoreceptors arc structures containing photosensitive pigment-complexes (e,g. 
carotenoids chlorophyll, n^tinene) that upon light absori)tion initiate phototropisms, 
photosynthesis and vision. A comparative structural analysis of the plant and animal 
photon^ceptors is in progress in our laboratory. 

1 would like to describe a few of the aquatic plant and animal photoreceptors' fine 
siruciure, ranging from the chloroplasts of algae to the viTtebratc retinal rods. 


PLANT PHOTOKECKPTORS 

Ihc chloroplasts are the photoreceptors for photosynthesis; they range, in size from 
less tlian i/iin diameter, to more than lo/iin length. All chloroplasts, so far investigat- 
ed by electron microscojw, show a lamellar structure with spacings of the order of 
200 Ai. 2 . In the blue-green algae and in the pllotosynthetic bacteria, lamellar struc- 
tures are also found; these however, are described as chromahphores. Pyrenoids are a 
part of the structure of chloroplasts of algae. 'I hey are tightly packed granular material, 
concerned with starch synthesis and are found within the lamellae of the chloroplast . 

Chlorophyll a occurs in all plant chloroplasts, but other isomers, b, c, and d, are ^so 
found; in the photosynthetic bacteria there is bacteriochlorophyll. In the hi^xer 
plants, the two main chlorophyll isomers are a and b in a ratio of about 3 ; i. le 
carotenoids also, are intimately linked with chlorophyll in the chioioplast. These are 
the .xanthophylls, lutein and zeaxanthin, and the carotene, /9-carotene. I hycoeryt nn 
and phycocyanin arc also present in the red and blue-green algae. 

In Euglena, grown under optimal conditions of light intensity and temperature t le 
chloroplasts consist of regularly oriented lamellae which arc dependent upon chloro- 
phylli a. The electron dense layers are of the order of 250 A m thickness ijnth less 
dense interspaces 500-500 A in thickness. Chlamydonumas, whether grown m the light 
.or the dark, show a complex chloroplast organization of stacks of lamellae, • 

and eyespot within the chloroplast membrane; m the absence of chloiophyl , 

lamellae arc not formed^. ^ 

Although the Euglena chloroplasts have bi-eii stc bed most extensively, some obser- 
vations of the photosynthetic structure in other algae are to be noted. In the blue- 
green algae, Anabaem cylindrica, there are large chromatophores that seem to be 

* «i. 4-1 Instiilutc of Nciirolc^fficciil Oiscjiscs and Blind- 

These studies wen; aided in part by the ^ ^ Inc (C^i99-C8). and the McClintic 

ness {B-3()7, CO), the National ( ouncil to Combat Blinantss, inc. 

Endowment. 
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connected by cytoplasmic lamellae described as “chromatoplasm”, whereas in 
Anacyth nidtdans, only chromatophorcs are observable and in Synechoccus cedrorum, 
there is a cup-shaped chloroplast with bundles of lamellae. In the cryptomonads, 
Cyanophora paradoxa there are chromatophores and a distinct lamellar system, 
however it has been speculated that this organism has a symbiot blue-green alga ; and in 
Rhodomonas lens, there are only lamellar chloroplasts and a pyrenoid, however, 
besides the chlorophyll and carotenoid, the organi.sm contains a brilliant yellow 
fluorescent pigment (with a single peak at 585 m/i), a pteridine whose function in 
photosynthesis is not yet determined. The green algae include the Euglems and 
Chlamydomonas, already described* In Volvox, there are only lamellar chloroplasts 
and a pyrenoid; in the marine alga, Valonia (Florida and the West Indies), the chloro- 
plasts lie embedded in the periphery of the cytopIa.sm in a reticular arrangement; 
these chloroplasts contain a pyrenoid and are also lamellar. 

What does this lamellar .structure tell us about the molecular structure of the 
chloroplast? tor example, the chloroplasts of li. gracilis consist of 21 dense layers 
250 A in thickness. Each dense layer appears to be covered on both sides by thinner 
and denser layers (lamellae) 50 to 100 A in thickness. From the geometry of the chlo- 
roplasts (diameter, length, number and total thickness of the deu.se layers) and the 
chlorophyll concentration per chloroplast, the cross-sectional area occupied by each 



SCHEMATIC MOLECULAR NETWORK 

CHLOROPHYLL CAROTENOID 

MOLECULE 


Fig. 1. Molecular model for the chloroplast (from Wolken and Schwertz'). (i) Schematic arrange- 
ment of the chloroplast layers in the chloroplast an<l in a granum. (2) Interfacial plane .showing 
orientation of chlorophyll and carotenoid moleeules. (3) I^aycrs in the chloropla.st as visualized 

(from Calvin*). 
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chlorophyll molecule was calculated to be 222 in the Euglena chloroplast, and 246 
in the Pokriochromonas chloroplast 3. 

Although the morphology and structural dimensions of the chloroplast s vary in a 
variety of plant species, the collected data on the chlorophyll concentration per chlo- 
roplast and geometry, indicates that the average mean area available per chlorophyll 
molecule in the monolayer is of the order of 200 A 3 . On the basis of these calculations, 
a simplified molecular model was proposed (h'ig. i). If the cliloroph\’ll molecules are 
packed as a monolayer, as shown in the schematic molecular network in Fig. r, there 
would still be space available at the interstitial positions between the chlorophyll 
molecules for the carotenoid molecules. If these spaces are occupied as illustrated, 
there will be one carotenoid molecule for at least every three chlorophyll molecules, 
riiis kind of close packing of the chlorophyll and carotenoid molecules in the pigment 
monolayers would permit energetic interaction between them. A similar model indi- 
cates that one aqueous protein layer w’ould have C( )2“reducing enzymes and that 
another protein layer would have Oo-evolving enzymes^. If the porphin heads of the 
c hlorophyll molecules would lie at o'" as flat plates, as indicated in Fig. i , their greatest 
cross-section would be available. However, if they wcTe oriented within the lamellae 
at increa.sing angles up to 90*^, the cross-sectional area available would be dc^creasing. 
Studies of chlorophyll monolayers on various licpiid surfaces, suggested that tlie chlo- 
rophyll molecules would probably lie at an angle nc'.Tr 45° within the chloroplast, then, 
the above calculatton 1:or the cross-sectional area of thc‘ chlorophyll molecule would be 
reduci'd to 100 A^. It is very likcdy that the absorption oscillators of those pigment 
molc'cules are arranged with an orderly orientation in a way that a maximum 
absorption will be observed for an incident light polarized in a certain direction. 

'Hie cycspol is a photoreceptor for light perception and directs the organism by 
phototropic reactions to light of the right wavelengths for photosynthesis. I he eyespot 
structure has been studied in Chl-amydonionas, Volvox, kuglena, and other orgcinisms. 
In some eyespots, /cn.s-like structures are found {E. granulata, Volvox). It was specu- 
lated a long time ago, that the eye.spot functions analogously to the retinal cells of 
higher animals. Faure-Fremiet and Kouillier® indicate that the sec'ond internal flagel- 
lum associated with the eyesjiot of Chroinuhna has a iamellar strurt:?re comparable in 
structure to tin* retinal rods. The flagt'llum is a sensory structure wmch is structurally 
similar to the fibril that penetrati's from the outer through the inner segment of the 
\’ertebrate retinal rod^. Willmer” suggested that .structurally the most interesting 
f(*ature in the di'Vtdopment of the vertebrate rods and cones is the flagellum-like 
fibers that connect the outer and inner segments. 

I n Englcna , the eyespot is about 2 • 3 fi and consists of the order of 50 tightly packed 
Jiigment granules (orange-red) of tlie order o.i// in diameter that are linked with the 
-flag( 41 a*>. Euglena phototaxis and photokinesis (rate of swimming irre.spective of 
direction) indicates that selective absorption by the eyespot is related to its photo- 
motion 10. Ihe eyespot + flagellum act as a receptor-effector system, and therefore, 
can be considered structurally and functionally anc^iogous to a retinal rod. Microspec- 
trophotometric analysis of the in vivo eyespot of R. gracilis, shows a general absorption 
from 4(10-480 m/i with the major peak near 480 m/i, a secondary peak at 425 m^, small 
minor peaks near 500, 530 and 590 m/i, and a broad band at 630 m^^^. 1 hese absorp- 
tion spectra do not permit the identification of the eyespot pigments. Astaxanthin or 
a similar photosensitive pigme\it has not been isolated from green Euglenas. 
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ANIMAL PHdTORErEPTORS 

Since the vertebrate eye originated in water^^ the , aquatic invertebrates are of great 
interest. In these organi.sms, a variety of photoreceptor structures are found, e.g. 
eyespots, .sensory cells, ocelli, and compound cn'CS which have evolved among annelids, 
mollnscs, and arthropods. In the vertebrates those are retinal rods and cones. These 
photoreceptor structures are illustrated from a plwlogenctic point of view in Fig. 
2A-K. The rods have their ma.ximal sen.sitivity in the blue-green at about 500 m//; the 



Fig. 2. Scht*matic phylogenotic development of the pliotoreceptor striictiinis. A, eyespot and 
flagellum, pigment granules (g); H, sensory cells (re), surrounded by pigment granules (g); (', 
insect compound eye, lens (a), pigment granules (g) ; I), mollusc cephalopod eye showing compound 
retina; F-, vertebrate eye, iris (i), lens (a), pupil (p), ciliary muscle (c), sclera (s) and retina (r) 
showing an enlarged n)d (re) outer segment (os) and inner segment (is). It is to be noted tluj struc- 
ture connecting the inner with the outer segment to that of the eyi^spot with flagellum d A 

(Modifk*d from W.dken^). 
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cone sensitivity is transferred toward the red. lying in the yellow-green at 560 m/.. 
Ihe rods and cones contain, as their photosensitive pigments, either retinenei or 
retinenco (the aldehydes of vitamin Aj or A2) linked with a protein opsin. Such 
extracted pigment-protein complexes, according to Waldi^. are identified by their 
color and absorption spectra as rhodopsin (retineiuji i rod opsin) or porphyropsin 
(retinene2 -I” rod opsin) for the rods; iodopsin (retinenei |- cone opsin) or cvanopsin 
(relinene2 + cone opsin) for the cones. Then* are from i >, io« to i \ io» rhodopsin 
nioleiTiles per outer segment of a retinal rod. Studies indicate that the rnaxiinum 
absorption peaks of these rhodopsins may be adapted to the quality of the light in the 
environment^'*. 

Sensory cells 

In the flatworm, IHanuria, the two eyes ('onsist of ])ignient granuli's anil sensory 
cells. Ihe sensory cells imds continue as nerves which entiT the brain, i'he pigment 
granules shade the sensory cells from light in all directions but one, and so enable the 
animal to resjiond in a negative way to the direction of light. Thi' st'nsory cells are 
structures analogous to the retinal rods of the vertebrates. The.se retinal structures 
(rods) are about 5// in diametiT with a more variable length of approximately /i 
and con.sist ol lamellae that are tubules of the order of 400 A in diameter. 

Ihe marine planarian, rosco/fensis ([Mvuliar to the coast of Brittany) re- 
sponds directly to hgiit and moves from the dark areas to th(‘ light areas rapidly. 
I hey aj^pear to have a built-in “time-clock’' rising and tailing with the time of thi; 
tides t hat isindependen t of light and iiTnperature even when removed to the* laboratory. 
liowcN'er they live symbiotically with an alga (('hl( 4 myd(:monasA\ko) and need light 
for i)hotosyntbi‘sis. In the aquatic planarian. Dendrococlum locteinn, the action 
spectrum has two main absorption peaks, one at 510 rn/f, probably a rhodopsin, and 
another in the ultra-violet at 470 m/<'\ 

( 'om bound eye — reti nxl structure 

riie compound eye consists of omnuitidia, each of which is made up of rctinular 
cells; the differentiated part of th(‘ retinular c(*ll is tiie rhabdoincM- The rhabdomcres 
taken together form a rhabdomi*. The rhabdome is considiTed t^. “light trapping” 
area where tiu* visual process is initiated. 

I he eyes of the inseers, Drosophila, housefly, dragonfl\', honeybee, cockroach and 
sjndiw, consist of sev'en retinular cells radially arranged forming a cylinder*** *®. 
l‘dectron inicro.scoiK* studies indicate that the rhabdomcres are structurally packed 
tubules, which are 400 A in dianietiT, whose walls are of the order 100 A in thickness. 
Uetinenei has been isolated from the rhabdomcres of the housefly , the honeybee and 
the cockroach, indicating that the in.sects contain a rhodopsin. 

riic* ey(\s of the molluscs arc provided with mechanisms for accommodation and 
resemble those of the vertebrate' eye. The eyes and photoreceptor structures of the 
cephalopods. Sepia and Octopus, the gastropod, v .nch [Strombus), and Pecten, have 
been studied bv' electron micro.scop\'. The photoreceptors of the retina arc not inverted 
as in the vertebrate eye and are directly exposed to the incident light. Ivlectron micros- 
t’opy of the ri'tina shows that tlui arrangement of the retinal cells is very much like the 
insects’. ommatidia ~ with retinular cells and rhabdomcres. The retinas of Sepia and 
Octopus are made up of rhabdomes in which there are four rhabdomcres (retinal rods) 
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radially arranged. A central space separates the rhabdome, which contains pigment- 
screening granules that migrate depending on the light intensity. In both the Octopus 
and Sepia, each rhabdomere averages about i fi in diameter. Its microstructure is that 
of densely packed tubules (there are about 20 tubes j^er micron) ; each is about 200 A 
in diametcr®®-^'^. The arrangement of the rhabdomeres in the king crab, LitmUus, the 
crustacean, Daphnia, and the mollusc, Pecten, is similar to that of the Octopus. The 
rhabdomeres' fine structure is that of tubules, also with similar dimensions‘®' 2 i. 

Khodopsins have been extracted from Crustacea, molluscs, and insects®®"®®. A 
number of these organisms also show photosensitivity to the ultra-violet, and have 
been shown to have color discrimination ; that tliey may possess other photosensitive 
pigments cannot be excluded®*. Many of them exhibit orientation relative to the 
direction of vibration of polarized light ; such sensitivity to the plane of polarization 
suggest the existence of a polai ized light analyzer witliin the eye. 

Vertebrate — retinal rods and cones 

The vertebrate animals with strictly aquatic vision include the fishes, some 
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Fig. 3. Molecular model for the outer segment of the retinal rod (from J. J. Wolken, modified 
from J. Cellular Comp. Physiol., 48 {1956) 349). The association of retincnc with opsin in rhodopsin, 
showing the mechanism of bleaching during visual excitation (originally proposed by A. Hubbard 
and A. Kropf, .-Inn. N. Y. Acad, ^ci., 74 (1958) 2O6). 
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amphibians, the sea cows and the whales. In the vertebrate retinal rods and cones, the 
visual complex is contained only in the outer segments. The whale outer segments are 
from i.o to 1.5/^ in diameter and consist of lamellae (plates) of the order of 200 A in 
thickness‘^“. Other retinal rods and cones outer segments studied bv electron micros- 
copy, include the frog, chicken, guinea pig, rabbit, perch, cattle and monkey. They are 
all lamellae from too— 200 A in thickness, separated by less dense interspaces 200-500 
^22 . 27 The photoreceptor geometry (length, diameter, thickness, number of dense 
layers and pigment concentration) was similarly used as in the chloroplast for calcu- 
lating the cross-sectional area of the pigment macromoh'culc, rhodopsin. For example, 
for (Tittle and frog rhodopsin, the cross-sectional an^i is 2500 A-; the diameter of the 
molecule would then be of the order of 50 A, which is about the right order of magni- 
tudt' for the rhodopsin molecule'-^**. A molecular model for the retinal rod outer seg- 
ment, based on tlu* geometry from electron microscoj)y, pigment concentration, and 
tlie above calculation, was proposed (Fig. 3). 

Retinal pigment i^lobulcs 

In the retina of certain animals, thiTe are colon^d oil globiilts which are believed to 
have evolved a long way back, since they are found in the retina, (^f fish as ancient as 
Chondrosleans and sturgeons. Modern fish have on the other hand, discarded them, 
but lungfish still them. It is implied that they are inx'olved in color vision and 
have always been' a charact<Tistic of the vtTtebrate coue-^. 1‘he relative c!ase with 
which the colored globules may be identified in situ in thi* retina, and their absorj)tion 
sjKTtra det(‘rmined witli the microspc'ctrophotoineler, makes possil)le their study**^*. 
W hat function they may have in the visual process is still unknown, but they have 
long l)een susj)ected of acting as color filters for the r. tinal ('ones. Since a red globuli*, 
for instance, absorbes light sominvhere in the blue-green region, the location of the 
globule between tlu! inner cone segment and th(‘ light source, makes a color filt(;r 
tlu‘ory reasonable. I lowever, there is no direct correlaticni between the color of the 
globule and the color discrimination of animals possi^ssing tlu'in. 


Its 


KEP'KKKNC'KS 

* J. J. WoLKKN AND F. A. ScTiwi-KTZ.V OVw. Phvsinl,, 37 ( 10 . 53 ) 

' J* j- WoLKKN, A}in. RriJ. Plant J^hvsiol., lo (1050) 7^- 
=* J. J. WoLKKN \\n G. K. fALAnK, Ann, S.Y. Acad. Sn,. 50 (1953) « 73 - 
‘ K. S/\(iKR AND (t. E. Faladk, /. Biophys. Biochcni. CytoL, 3 (10.57) 4 ^* 3 - 
M. ('alvin, J'Srookhciv'en Symposia in Biology', No. 11, I he Photochemiuil Appanilus. 
Structure and Pnnefion, 1050. P- 

li. F'AtTRK-p'RFMlIiT AND H. ROlUIXlKR. Exptl. Cell PesCdrch, 14 (l05S^ 47. 

’ 1^. I)ii Kobrrtis, /. Biophys. Biorhent. CvUd., 2 (i 0.5*0 3'9- 
^ K. N. WiLLMiiR, Ann. Rev. Physiol., 17 (i05,5) 339- 
J- J- WoLKKN. /. Protozoal., i (» 0.5^0 - 

J. Woi.KKN AND K. Shin,./- Protozoal., 5 (i9.5^i) 39- 
G. K. Strothkr and j. J. Wolkhn, Salure, r88 (io(>o' ()oi. 

(i. 1-. Walls, The Vertebrale Eye, Cranbrook Iiistitu of Science l»ress, Bloomfield Hills, 

Mich., 1042. . 1 • I t- • 

C;. Wai.t), Handbook of Phyxiology - Senrophysiology I. American J^liysmlDgical Society 

J’liblishers, Washington. 10.59. P- b7i. 

1'. C*RE.sciTKLLr, Ann. Rev. Physiol., 22 (lobo) 523. 

M. ll. PiRENNii and F. H. ('. Marriot, Sdture, 175 (i955) ^M-2- , , , 

" J. J. WoLKKN, J. fAPKNOS AND A. M. TuRANO. J. Hiophys. Hiocheni. Cytol., 3 (1957) 441. 

Jl. KkrnAnuez-MorAn, lixptl ''i'll liesearch. Suppl. 5 (i95**) 



i88 


J. J. WOLKEN 


T.Jl. Goldsmith and D. E. Philpott, J. Biophys. Biorhem. Cytol., 3 (1957) 4 ^ 9 - 
»» VV. H. MiLLKR.y. Biophys. Biochem. CytoL, 3 (1957) 421. 

J. J. WoLKEN. Trans. N.Y. Acad. Sci., Ser. II, 19 (i 957 ) 3 i 5 * 

J. J. WoLKEN, J. Biophys. Biochem. CytoL, 4 (195^^) 835. 

23 J. J. WoLKEN, /lw«. A'.Y. Acad. Sci., 74 (1958) 164. 

33 R. Hubbard andG. Wald, Nature, 186 (i960) 212. 

3 ^ P. K. Brown and P. S. Brown, Nature, 182 (1958) 1288. 

33 T. Goldsmith, Ann. N.Y. Acad. Sci., 74 (1958) 223. 

33 J. M. Bowness and j. j. VVolken, /. Geu. Physiol., 42 (i 959 ) 779- 
27 F. S. SjdsTRAND, J. Cellular Comp. Physiol., 42 (i 953 ) * 5 . 45 - 
2» G. Wald, Science, 119 (1954) 887. 

2 » J. H. Prince, Comparative Anatomy of the Eye, ('harlrs H. Thomas, Springfield, 111 ., 195^, p. 65. 
30 G. K. Strother and J. J. Wolken, Exptl. Cell Research, 21(1960) 50 j. 



i89 


PHOTORECEPTION OF A PLANKTONIC ( Rl-STACEAN IN RELATION 
TO LIGHT PENETRATION IN THE SEA 

BRIAN I\ JiO!^KN, KLlZABKTll M. KAMPA and 15KRN \R1) C. ABBOTT 
Scripts Institution of Oceanography, University of Culifonna, Im Jolla, Calif . (TJ.S.A.) 


For several years we have been concerned with the ecology of the tuipliausiid crusta- 
ceans and, in particular, with their photobiology. This ])aper summarizes our findings 
and presents sonu' of our thoughts on th(‘ subject at this time. 

We need not elaborate again the arguments for using tht‘ migraforysonic-scattcTing 
layer in the coastal waters off San Diego as an indication of the depth at which 
eii|)hausiids may bo found. 'I'he works of BodeiP and Tucker^ as wc'll as our collec- 
tions from 1954 have shown that when a scattering layer can be di^tected in 

the avva, euphausiids will be in it, and that when the layer splits at suns(‘t, (uiphausiids 
an* present in the upper part of the layer. 

'I'he depth of this migratory scattering layer off San Diego is assoc'iated with tlu* 
depth of an isolurne (about i • 10 //Watts cm-) as detected by a 931’A multiplier 
phototube (Karnpa and Boden-). 'Fliis association is especially close during tin* rapid 
migration of the layer at twilight. 

In 1955, we first used our pn*sent bathyphotometers (Boden, Kainpa and Snod- 
grass*9, response of thes(* is raj>id t'nough that we have been able to show that 

the tight within the scattering layer is modified by the luminescence of the animals 
tht*mselves (Kampa and Boden'*; Boden and Kampa^). The lumn?'‘scenc(^ is gn*atest 
during the vertical migrations of the animals at twilight when th* ir association with 
tlu^ constant level of transmitti*d sun- and sky-liglit is most marked. The lumincisctiiice 
appears on the batliyphotometer record as a ma.s.s of flash(\s, olten of such fre([uency 
and intensity as to cause an apparent increase of ambient light with depth, llu; 
animal light is blue-green in color with an energy spectrum that peaks near 478 m//. 

In the laboratory we have measured the lumintfscence of three. (*uphausiid species 
from separate genera: Kup/uHisiu pacificu (Kampa and Boden'*), I hysanoessa yaschii 
(Boden and Karnpa**), and M ef^anydi phanes nort^ci^ica (unpublishiid results). Ihe emis- 
sion curve is bimodal in each species, with a sharp primary peak near 476 rxifi and a 
second lower peak betwxHUi 520 and 54^^ ^f^- The intensity of the glow from an individ- 
ual is about 20 times the intensity of transmitter’ ikylight with wdiicii the scattering 
layer is associated. 

A photosen.sitive pigment, which we have called euphausiof)sin, has been extracted 
in aqueous solution from dark-adapted e3^cs of euphau.siids from Californian coastal 
Waters (-Kampa '^), and its presence in Alcgunychphancs nowcgicci has been reported by 
Dartnall (1957, personal communication) and Fisher and Goldie*. The pigment 
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absorbs light maximallj' between 460 and 465 m/t, and it is bleached by light to 
release lirst retinene (Fisher and (ioldie") and then vitamin A (Kampa^). 

The new material which we should like to present here is twofold. At sea, we have 
examined the spectral characteristics of the light in the water column above the 
sonic- scattering layer and the changes in this spectrum during the twilight migrations 
of the layer. In the laboratory, we have begun elertrophysiological measurements of 
the .sensitivity of the euphaasiid eye. 

PHYSICAL MEASUREMENTS AT SEA 

The photometers used were of the type described by Boden, Kampa and Snodgrass**. 
Since these employ multiplier phototubes and a series of interference-type filters with 
peaks at intervals between 410 and 634 m/i, they permit measurement of near-mono- 
chromatic light of low intenhity. An automatic filter changer places a succession 
of 5 filters in the light path. The window of the photometer is opal plastic with the 
characteristics of a Lambert cosine collector. A collimator restricts the angle of 
incidence on the photocathode to the useful 5° cone of the interf(;rence filters. The 
instrument measures irradiance. 
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Mr. I. Relative irradiance spectra at indicated depths off San I)i(!Ro in Septemlw^r. 
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The water column above the some-scattering layer 

pter column rtoj™ to the 

to look upward. It was lowered immediatelv before i.wi . ontiuea 
days in Soptemher. ' »" c»''s<«™«v« 

The light at deprts taweon ,35 and 300 n, was blm-grcvn and peaked between 
475 and 480 mp (h«. ,) wlnchover combinaiion ol liltem was used. The peaks of the 

enrves obtained become mcmasmglv sharp with depth as the sea wat -r acts as a 
monochromator (lyler®). 

Values of the cxtinctioii coefficient (A) for each wavelength at different depths arc 
shown m f able I. 1 he extinction coefficient at depth r is defined by 

-a In 11 ^., In 1 ) 

where and (. + n represent irradiance values of wavelength A on horizontal 
.surliiccs at clopthaS and (r? j i m). 
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I'ig. 2. Extinction coefficients al various wavelengths at dc'pths between 150 and 250 m off San 

Diego in September. 

The values presented were obtained in the water mass below the photic zone and 
above the scattering layer, where k was constant and the attenuation curves were 
fairly straight, which suggests that there was little interference from biological or 
geological sources. 

Fig. 2 shows extinction per meter for various wavelengths, and it can be seen that 
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the water was rather dear for shelf water. According to the data of Utterbacki® and 
Jorgensen and Utterbacki', it would be typified as average oceanic water. 

Rate of aUenualio-n at the surface and at depth at sunset 

To determine the difference in the rate of attenuation at two different depths two 
identical photometers were used. One was suspended lo in below the surface from a 
rubber float, the other was suspended 200 m directly below. No filter was used in 
either. Separate recorders were u.sed, and simultaneous recordings were made. 



Fig. 3. SiiTiultancoiis rates of light decay at lo ni (upper curve) and 200 m (lower curve) durinjj 
sunset off San Diego in September. The broken lint' indicates the onset of bi(»lunnnes(:ence 
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Fig. .p Spt'ctral distribution of transmitted sun- ami sky-light at 170 ni at noon and sunst't off 

San Diego in September. 


Fig. 3 shows that the rate of extinction was very similar at tlie two depths from 
30 min before sunset until 50 min after sunset. From that time on the curves approach 
each other, with the rate of extinction at the surface being apparently more rapid 
than at 200 m. We suggest that this deeper picture is ob.scured by bioluminescence. 

A strong scattering layer was present on this evening, and 50 min after sunset this 
layer was shoalcr than 200 m. Shortly after 1750 h the bioluminescence at 200 m was 
•SO marked and the fla.shes so large that it was not possible to obtain sky-light readings 
at that depth. 
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'^ptxtral distribution of light at a constant depth of lyo m at sunset 

The photometer was lowered on three successive days, at noon and sunset, to a 
predetermined depth of 170 m. Ihe values in hig. 4 represent the average of the values 
obtained on each of the three days. 

It can be. seen that there is a strong shift to the longer wavelengths at sunset. The 
light being measured was, of course, a combination of sun- and sky-light, and this 
shift is possibly due to selective refraction at tlie sea surface at a critical point during 
sunset. 

Spectral composition of transmitted sun- and sky-light just above the sonic-scattering layer 
driving its twilight migration 

1'he photometer was equipped witli the automatic filter changer, and a variety of 
filters was used. The instrument was lowered to just above the sonic-scattering layer, 
and the changer was allowed to rotate. Tlie intensity observi'd at 470 m//. was selected 
as a refenmee value. During light decay at sunset the pilot omc'tcT was raised to follow 
this 470-m// isolume. 

The ship was far from shore, and ship lights were doused. Only sky-light or possibly 
bioluminescence, although it w'as not recognizable as such, was bei..g recorded. 



WAVELENGTH IN mp 

I'is. 5. Spectral coinposiLion of light ju.st alK>ve the scatti-ring layer during it twilight migration 
toward the surface off San Diego in September. 


Fig. 5 shows till* a\'i*rage values obtained at similar depths, similar times and similar 
wav'elengths during three successive twilight periods. It can be seen that the peak 
values shift from about 490 m// at sunset tow^ard shorter wav(*lengths to about 465 m/f 
at the end of twilight. 


EI.ECTKOPHYSIOLOGICAL EXPERIMENTS IN THIC LAHORAiORV 

Kather than attempt to design valid laboratory behavioial studies for animals that 
may w'ell never encounter an interface in their natural lives, we have depended on 
biochemical and electrophysiological experiments to determine the visual .sen.sitivity 
of the euphausiids. 
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Eltctroretinograms have been obtained from the eyes of a number of sp>ecies of 
euphausiids. A tungsten grid serves as the grounded neutral electrode, and the living 
animal rests on this in a shallow bath of sea water at 7- io°C. A tungsten micro- 
electrode (diameter 2-3 ft), insulated to near the tip is inserted into the eye. The signal 
from the recording electrode is transmitted via a Grass P-6 preamplifier (with probe) 
to a Tektronix oscilloscope with a Polaroid Land camera. 

The stimulating light is a uniform field, and flash duration is determined by a 
diaphragm shutter which also triggers the oscilloscope. Interference filters are used to 
select various wavelengths in color experiments, and neutral density filters modify 
intensity. Light intensities at the level of the euphausiid eye are determined directly with 
a thermopile and galvanometer calibrated against a U.S. Bureau of Standards source. 

The structure of the euphausiid eye differs greatly from genus to genus. So far, we 
have worked with two species having spherical eyes ( Euphattsia pactfica and Mcganyc- 
tiphanes mrvegica) and two with bilobed eyes (Thy sanoessa grcf^aria and Ncmatoscclis 
difficilis). 

Responses from the upper and lower lobes of bilobed eyes are quite distinct. The 
main wave of the electroretinogram of the upper lobe is a fast response, lasting 20-30 
msec. Its duration and amplitude are independent of the duration of the stimulus. 
The main wave of the ERG in the lower lobe is a slow responses which varies in 
duration, but not in amplitude (through the range of shutter spc('ds we have used), 
with the duration of the stimulating fhish. 



LOO OTIMULATINO INTENSITY 

Fig. 6. Relationship of intensity of stimulus to degsve of response ui ihc eye of Evphatisia 
pacifica. Inset; l’p})er. the fast, and I.ower, the slow response of F.. pattfiia to a 300 msec flash. 


Both fast and slow components are present in the spherical eye of E. pacifica 
(Fig. 6). The fast response, like that recorded from the upper lobe of a bilobed eye, is 
independent of flash duration, whereas the duration of the slow response varies 
directly with the duration of the stimulus. In some experiments with E. pacifica only 
the .slow response has been detected, ix)ssibly because of differences in microelectrodc 
placement. 

The main wave of the ERG may be either a positive or a negative deflection in any 
one experiment. This is probably due to differences in depth of penetration by the 
microelectrode. 
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1 he amplitude of both fast and slow responses varies directly with the logarithm of 
the stimulating intensity through a range of i to 2 orders of magnitude (Fig. 6). The 
slope of the log I-response curve varies from animal to animal, but in any one experi- 
ment the linear relationship is consistent. 

Our interest in the colors of the lights encountered and produced by euphausiids has 
led us naturally to studies of the relative sensitivity ot their eyes at different wave- 
lengths. Since the relationship between the logaritlim of the stimulating intensitv and 
the amplitude of response is linear, spectral sensitivity mav^ be measured either be 
exposing the eye to restricted wave bands of an equal (‘nergy spectrum or by v'arying 
the intensity of the stimulus to produce an etjual biological resf)onse at each wave 
band. Both approaches have been used, first on the spherical eyes of E. pacifica and 
A/, norve^ica, and more recently on the bilobed eye of N. difficilis. The results with 
spherical eyes wen* so confusing as to seem meaningless until the bilobed eye was 
examined. 

The curv-es repre.senting spectral sensitivity of the lower and upper lobes of N. 
(iifficilts are quite different. The lower lobe (Fig. 7, A) is almost uniformly sensitive 
to a wide band from 460 515 in//, with a sharp peak near 490 in//. 'Fhe upper lobe 
(Fig. 7, B) is most sensitive between 460 and 470 m//, with a r 'condary peak near 
530 m//. The response curve of the upper lob(^ is interesting, for its primary peak is in 
good accord with the difference spectrum of the photosensitive pigment euphausiop- 
sin (Fig. 7, C). Tlfls is tin first evidence that the pigment ])articipates in tlu* vision of 
euphausiids. 




^^0 * 460 800 

WAVELEN6TH IN n/i 


540 


660 


I’iu. 7 SiMH^tral «-nsitiviti.!s of: A, S. dilfieilis lower lobe; and li, .V. diffidlis upper lobe; C. 
nifferenii spectrum of euphausiopsin ; D. M. mm<egica \ K. E. ^fl/7/i( «;l;', Artificial curve obtained 
by adding ipi-ctral sensitivities of upper and lower lobes of A . dilltcilis a.t e-^h 
Values ri-presenting sensitivity and difference spectrum have been equated to » at 460 m/« and 
^ the two families of cm ves have lx>en separated f..r clarity of presentation. 
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The; spectral sensitivity curves of spherical eyes are unlike either of those from the 
bilobed eye. M. norvcgica (Fig. 7, D) is about equally sensitive to lights of 460 and 
515 mpi, with a third, lower peak of sensitivity near 490 mfi. E. pacifica (Fig. 7, E) is 
most sensitive to light near 460 in//, with a .second peak near 490 m//. 

When the responses of the upper and lower lobes are added at each wavelength, an 
artificial curve representing the total spectral sensitivity of N. difficilis results (Fig. 
7, F). This curve is .similar to the response curve of E. pacifica. 

Either a peak or plateau is apparent near 460 m/t in each of the response curves, and 
euphausiopsin maybe responsible for the sensitivity of alltiiree species to the 420-480- 
m//, region of the spectrum. Euphausiopsin cannot account for the peaks of sensitivity 
near 490 and 515 m//, however. We suggest that euphausiopsin and two additional 
light-sensitive substances may function in the vision of euphausiids, and that the 
ratios of their concentrations vary from species to species and from place to place in 
an individual eye. 


ECOLOGICAL CONSIDEKATIONS 

Adult euphausiids of the Pacific .species discussed here arc intimately adapted to their 
photic environment, and this has helped .solve certain of the problems confronting 
them. They are large, succulent animals, eagerly sought as food, and they must avoid 
predators. They achieve this, in part at least, by living at a light le\'c>l so low that they 
must be invisible most of the time. During the day this light level is at a depth which 
is barren except for detrital fall-out. The complicated visual system of the euphausiids 
must permit them to detect \-ery slight changes in light intensity, and they follow the 
isolume to which they are attuned to the phytoplankton-rich surface layers where 
they may feast at night. 

Euphausiids must also remain in a community to avoid sjHJcitic suicide. Hen* again, 
light sensitivity seems important, and luminescent flashing and the ability to detect 
and recognize such flashing may well s<irve to keep together like animals living at a 
light level too low to permit ordinary recognition of form. 

Recognition of the relationship of the wavehuigths between 4O0 and 490 rn//. in the 
phy.sical environment of these animals to their vi.sual mechanisms - the fast response 
associated with 460 m//, and the slow response associated \\ ith 490 ni// — and to their 
luminescence midway between these wavelengths is too recent to permit anything 
but speculation on its significance at this time. 
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LE SENS DERMATOPTIQUE, MODE I’RIMITIE DE 
PHOTORECEPTION, liNVISAGlt SPE(TALEMENT CHEZ 
IJCS ORGANISxMES AQUATIQUES 

o. viAi:r) 

Labovatoitf de Psychologie A nitnale, U niveysiti de Strasbourg ( I'rauce) 


HISTOIRE DR T.A NOTION I>E SENS DKKMATOPTigUK 

Lo sens derniatopticiiie paratt avoir ete decouvc'rt par F()ucllet^ en 1S72: auteur 

obs(*rva que des larves de MoiK'lies {Lucilia atcsar, Hrist^ilis tenax), (|ui sont dcpour- 
\'U(*s d*veux. sont neanmoins sensibles a la liiiniere et manifestent ce (|ue J. Loeb 
appela par la suite du phototropisine negatif. 

Rn 1884, (iraber‘- ecrivit un menioire d'ensemble dans lequel il relate* ses experien- 
ces concernant rexistence d’un sens dermatopti(]ue (“Helligkoits- und Hautfarben- 
sinn’*) chez des e:^ucVs tics di verses: des Lombrics, de's Blattes aveugiees, des I'ritons 
a\'eugles; ses conclusions sont certaiiiement entacbees d’erreur, mais il out le in6rite 
de inontcr le premier (jue la sensihilite speidraU* du sens dermatoptique est tres 
different' de celU* des formations oculaires en general: le sens dermatoptique est 
excitt^ au maximum par les radiations visibles dont les longueurs d'onde sont les plus 
courtes. En 1886. Plateau^ signale rexistence d’une sensibility dermatopti((ue chez 
des Myriapodes aveugle^ du gi*nre Cry/tos ] dans ses experiences il elimina soigneuse- 
nient rinfluence possible do la temperature et de riiumidity. En 1890 et en 1892 
paraissent deux memoires de Raphael Dubois**’*'*. Tun sur le ProttV aveugle des grottes 
de ('arniole, Tautre sur la Pholade dactyle: le Protee, photonogatif, (*st surtout sen- 
sibl(? au bleu, mais la Pholade a une sensibilite s])eciiale qui se rapj.'rocho beaucoup de 
la sensibility visuelle (maximum vers 550 111//). Des 1891, Willem*’* e- rit un resume his- 
torique et critique sur les "perce{)tions dermatopti(|ues” (*t conclut cju’on a constate 
I’c'xistence de telles p(*rc('ptions chez des animaux appartenant a presque tous les 
groupes zoologiques, au rnoins chez toutes les formes a tegument mince; il fait de 
iust(*s reserves sur le caractere “chromaticiue*’ de ces perceptions, tenu pour evident 
par Grab(*r2. En 1894, NageP, ctudiant les sens primitifs des animaux inferieurs. met 
en evidence la photosensibilile (run grand noinbre de formes marines: llydraires, 
V(Ts tiibicoles, Mollusques gasteropodcs et bivalv(\s, etc. . . Il adople 1 hypothese de 
Wundt** (1874) sur rexistence d un “sensorium cutane commun , <1 la fois sensible aux 
excitations mecaniques, chimiciues, therniiques et “ohotoskiojitiques ct don 
seraient dyriviis les sens specialises: sens tactiki, osmicpie, thermique, visuel. Puis 
rattemtion paralt se detourner, pendant un bon nombre d annyes, de la question de la 
photoryception cutanye. 

Apres quelqui's rccherches experimentales precises di' Laurens® (1911)# ytablissant 
iiettement rexistence d*un sens dermatoptique chez les tetards de deux Lrapauds 
amyricains, Httfo americanus et B. fowleri, et tra^ant la courbe de sa sensibility spcc- 
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trale (croissance continue de I’orang^ au violet), il faut attendre I’annde 1921 pour 
voir reparaitre ces problemes, avec les travaux de Manquat*®. Celui-ci, ayant vemi les 
ocelles des chenilles de Leuccwaphaeorrkaea, observa que leur phototropisme n’est pas 
affects par cette operation. En 1921 aussi paraissent les observations de Forel'i; 
ayant repris les experiences de Lubbock qui dtablissent la grande sensibilite des 
Fourmis il I’ultra- violet, il conclut que ces Insectes j^er^oivent ces radiations princi- 
palement par leurs yeux et que leurs sensations "photodermatiques” sont plus faibles 
que cellos des animaux inferieurs etudife par Graber®. En 1925, Lammert^s montre 
que des chenilles de diverses especcs ont des ocelles et un sens dermatoptique qui les 
fait se diriger vers la lumiere. 

En 1929, Hessei® met au point la question des photorecepteurs primitifs dans un 
article du “Handbuch der Phj^siologie” de von Betlie. Il declare (jue "ce sera it trop 
s’avancer que de conclure. k une function dermatoptique partout on il y a reaction 
la lumifere chez des animaux chez lesquels on ne connatt pas de recepteurs differen- 
ci^s”. Et il donne en exemple Ic Ver de terre qui pr^sente, (^parses dans ses teguments, 
des cellules spdciales qui paraissent bien etre des photorecepteurs rudimentaires. 

Pour Pieron^-* (1937) la sensibilite dcrmatoptiqiM' est g(?n^ralement pr(?.>-ente sur 
toute I'etendue du tegument des Invert< 5 bres a corps nu, mais il peut y avoir dans 
certains cas des cellules rcceptrices spdcialisdes, chargees de pigments sensibilisateurs; 
en outre, chez des animaux marins tr^s transparents, des parties diverses du systfime 
nerveux peuvent dgalemcnt etre photosensibles, etc.. 

En 1938, et jusqu’en 1950, Viaud^''-^® public une serie de travaux et de memoires 
sur le phototropisme animal et sa liaison avec le sens dermatopti({ue chez di\'er.s 
animaux aquatiques (Cladoceres, Rotiferes, Planaires). En voici les conclusions e.ssen- 
tielles: 

(1°) L’attraction phototropique, chez'ces animaux inWriears, est le fait du .sens 
dermatoptique; les yeux, quand il y en a, n’assurent que I’orientation axiale de 
r animal dans la lumiere. 

(2°) Le sens dermatoptique est une function primitive’ de cellules ou de tissus non 
diff^rencids quant a la photoreception, done non charges de pigments photosensibles 
speciaux (ddrivds carot< 5 niqucs). Sa courlx; de sen.sibjlit^ .spectrale est. par suite, 
totalement diff^rente de celle des formations photor6cepti\ es sp(?cialis< 5 os et ties yeu.x ; 
elle croit de maniere continue en raison iii * erse de la longueur d’ontle de lumieres 
monochromatiques, du rouge au violet. 

(3°) Le sens dermatoptique ne donne pas lie\i des reactions ])erceptives, mais au 
phototropisme et a des reactions photophobiques ou photopatliiques. 

Bref, nous avons restreint la notion de sons dtTmatojJtique de (irabor-*, en ra])pli- 
quant a la seule photoreception du protoplasme banal, h I'exclusion des rdeepteurs 
t^gumentaires .sp^ciali.ses. Mais, par ailleurs, nous avons elargi cette notion en I’^ten- 
dant a I'absorption de la lumiere par tous les tis.sus, cutanes ou non, a condition qu’ils 
possedent des proprieties photochimiques semblables it cellos des systemes photo- 
rdeepteurs principalement en jeu dans I’attraetion phototropique des animaux in- 
ferieurs aquatiques. 

EXAMEN CKITiqUE DE LA NOTION DE SENS DEiIMATOn igUE 

Il est certain que la po.sition que nous avons adoptde souldve bien des probldmes; 

(1°) S’agit-il, comme le terme dermatoptique semble I’indiquer et comme le pen- 
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saient Graber- et Willem*', d une sorte de vision primitive, impliquant la mise en 
oeuvre d unc t<S16r6ception photique et par consequent une projection spatiale des 
impressions lumincuses en un ensemble comparable a un champ visuel? 

Le terme de sens photodermique (Hautlichtsinn) semble a vrai dire mieux appropri6, 
car il designe simplement une sensibilite de contact (I’un type special permettant la 
perception de plages lumineuses directement projetees sur le tegument; rorientation 
phototropi(iue d animaux sans yeux s'expliquant, a la rigueur, par la perception dhm 
gradient de luminosite h la surface du corps, sans qu’il soit besoin d’invoquer une 
analyse spatiale du champ lumineux. 

( 3 ^) Sommes-nous bien fonde a exclure du sens photoderini(|ue les organes diffe- 
rencies, disseminc5s dans les tissus? De tels organes out ete mis cm evidence notarnment 
chez le Lombric (Hesse'^^,) die/ la Mye des sables et (‘hez di\'ers Echinodermes 
(Millott^^). 

La distinction du sens dermatoptifiue stricto svnsn et de la sensibilite des photore- 
cepteurs rudimentaires epars dans le tegument iu‘ sc justifies quo si nous pouvons 
inontrer qu’elle dd^orde le cadre de la morphologic et (lu’elh* se retrouve notarnment 
ail niveau physiologiqiie des mecanismes fie Texcitation photique et au niveau psycho- 
logique de la commando des coinportements. Dans la revue qin va suivre, les faits 
(‘xperimentaux seront done examines a ces trois points de vue dilfen'iits. 

EXrOtftllji'rUAlLLE DES KAITS ET ETAT ACi rEC DE LA QUESTION 

Si Ton rt^servi* le cas de (juehiues larves d'lnsei tes, il semble que le sens dermatop- 
tique n’existe vraiment (pie chez h^s Animaux acpiaticpii^s 011 amphibies, jusqu’aux 
Katraciens inclus: chez les Amibes (Mast*-*') ; chez des ('oeli‘nt('Tes sans ocelles, comme 
rilydre ('frembley-*') ; des Wrsnon-ocules,parex(‘mpVla VhndirQ Castrada (Viaud'-^*-*) ; 
des Rotiferes sans yeux, comme Asplanchna brif^htu'clli (ViaiuU**), chez TOursin 
Diaddua (Millott--^) ; cIk'z des Mollusques Gastc'rojiodes comme Aplynia limacina 
(Dijkgraaf^^) ; chez dcs Cladoceres aux yeux extirpes (experiences de Schulz^®, sur 
Daphnia pulex, de Harris et Mason^** sur D. magna, io5()) ; clu‘z un Amphipode hypogei 
sans yeux, Nipharfi'ns orcintts virci, tout rec'emment etudie par (linet''”; enfin chez 
(les Ratraciens, coiuitk' le FroteV aveugle (Dubois'*) el les (.rap.n ds du genre Bufo 
etiidies par Laurens^*. 

Le cas des Poissons doit etre examini* a part: a\’eugl(3 expiTimentalement, le 
Vairou Phoxinus laevis r<5agit a la lumicre par des changements de coloiation, non <1 
la suite de recliiiriunent d’une r(?gion quelconque d(‘ la pcau, mais de 1 aiie pincale 
(Von Frisch3^) ou d’autres regions du dienci^phale (Scharrer^^). Far contre les Poissons 
cav'ernicoles aveugles semblent bien dot<!*s d un sens dermatopti(jue (\oir la levue de la 
(piestion faite par Thines^s^ propos de Caccoharhus ^oertsii), mais il ne semble pas 
fpie les radiations monochroma ti([ues aient, sur cette scmsibilitc^, une influenc.e vari- 
able selon Icur longueur d’onde. 


* line, comparaison avc.c les rcsultats dc-s lK>tanistes (c/. llaig3L J^unning *.) niontrc qu il y a dioz 
U's Plantes dcs dispositifs photoreccpteiirs aim parables b. ceux que I on rencontn* dicz 
maux et qiii joiicnt un r61e essentiel dans Ic phototropisme : la pomte des col*5optiles d .W c^me cst 
chargee d*un pigment carotdnique (-oeil dc carotene;’, sensible au 

475-500 mu de longueur d’onde). tandis que le protoplasinc '•incolon; de la tigc a unc sensibilite 
spectrale* qui croit de I’orangc^ au violet extreme. I/oeil de carotene est beaucoup plus sensible que 
protoplisme banal. Mais celui-ri suffit pourtant k induire des amrbures phototropiques. 
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Chez de iiombreux animaux aquatiques ocul^s, il cst possible de mettre en evidence, 
dans des experiences portant sur le phototropismo, un sens dermatoptique ou une 
sensibilite du meme type, existant au niveau de differents organes. Ainsi, chez les 
Daphnics, nous avons montre^*, en dehors de la sensibility oculairc, unc sensibility 
photique du corps de I’animal, caractyrisye par un maximum ryactionnel en lumiere 
violette; ce fait a cty confirmy, en 1958, par Scheffer, Robert et Medioni®® qui ont 
ytabli, en outre, unc liaison entre I'yclairement de diverses parties du corps de la 
Daphnie et les mouvements de rotation de I’oeil composy. Chez les Planaires (Plana- 
ria luguhris, P. gonocephala, P. alpina, Dendrococlum lacteuni) la grande sensibility 
aux rayons violets et ultra-violets etait connue dei)uis longtemps ; et le sens visuel et le 
sens dermatoptique avaient yty distinguys par d’assez nombreux auteurs (Parker et 
Burnett®’; Werner®®; Merker et (iilbert®®; et surtout Lcmke'*®); nous avons retrouve 
les memes phynomenes chez ces organismes'^®, ainsi que chez certains Kotiferes, dont 
les couronnos ciliaires sont photosensibles'®, limehionns pala, Hydaiina sentu, 
Asplaiichna girodi, etc. Partout, chez les animaux aqiiaticiues dont nous avons 
etudiy le phototropisme, la sensibility dcrmatopti(iue assume le role principal, car elle 
est le point de depart des reactions photopositives d’approche et regie la vitesse des 
deplacements vers la himiere (photocinese) ; les yeux, qiiand il y en a, controlent .soule- 
ment Torientation axialc prycise, e’est-k-dire la rectitude des trajets. Kt, dans tous les 
cas, la sensibility dermatoptique nous a paru .se caracteriser par un accrois-sement 
graduel de I’efficacite des radiations spectrales du rouge au \'iolet; la sensibility 
visuelle pry,.sentant au contraire un maximum dans les longiu'urs d’onde moyennes du 
spectre visible (520-550 mp). 

De nombreux animaux aquatiques presentent en outre une photosensibilite diffuse, 
non seulemcnt de leur tygument, niais aussi de divers tissus et organes internes, ('’est 
notamment le cas des cellules ciliyes de rypithclium branchial di' la Moulo et de I’Ano- 
donte (Viaudi®) ; de diverses parties du systdme nerveux : chaine ventrale du Siponcle 
(HerteH^), ganglions cyphalicjucs duGammare aveugle Nip/iargus (Merker®''), ganglion 
caudal de TEcrevissc (Prosser®®; Kennedy*®,) nerfs radiairts de I’Oursin Diadctm 
(Yoshida et Millott®®), lobes optiques de la Grenouille (Roller et Rodewald®®) ; du 
tissu musculaire cgalement, par excmple I’iris des Vertt'bres inferieurs (Arnold®®), le 
coeur de la Grenouille (Amsler et Pick *’; Scssunine®®), le cocnir de la Daphnia Hi iguu 
(ProkSova®®). Mentionnons enfin les donii''-'^ de Benoit®® sur le “reflexe photo- 
.sexucl” du Canard, ou gonado-stimulation rysultant d’une activation de Thypophyse 
par la lumiere. Mais, dans ce cas particulier, refiicacite des radiations a son maximum 
dans les grandcs longueurs d’onde du spectre visible (orange-rouge), la rygion hypo- 
thalamo-hypophysaire etant prati(|ucment insensible aux lumieres de courte longutuir 
d’onde. 

Quoi qu’il en soit, ces faits, dans leur ensemble, montrent que tout protoplasme est 
virtuellement photosensible, meme chez les Mytazoaires les plus yieves en organisation, 
bicn (lu’fw realile cette sensibility ait disparu dc la plui)art des iis.sus. 

L’ytude des comportements qui dypendent d’une part dc la sensibility dermatoj)- 
tique stricto senstt, d’autre part de rycepteurs photiques differenciys (yeux, ocelles ou 
simples cellules tygumenttiires spycialisyes et pigmentyes) nous conduit ii distinguer 
radicalement ces deux modes de la photoryception. Le sens dermatoptique ne comman- 
de jamais que des comportements phototropiques et, principalement, les aspects 
primaires de ces reactions : progres.sion vers la lumifere ou fuite vers I’ombre. Les yeux 
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m ocellt's des organisnios infcTieurs assuront line orientation axiale plus ou moins 
precise, inais ne sont pas essentiels a la manifestation du phototropisme (d'aiileurs ils 
font defaut dicz beaucoup d’espiH-.es phototropicpies). 

Quand apparaissenl. dans 1 evolution du psyehisme animal, des c omportements 
(run niveau supdacur aux tropismes, cn particulier des reactions perceptives, c/est- 
a-dire des reponses la lumiere on a lobscurite cornme a un si^rnc (le phototropisnu' 
etant un ensemble' dc reactions a 1 agent lurnineux) elles sont toujours le fait d(' for- 
mations de type oculairc. c est le cas des reactions skiopticpies de la Mye des Sables 
qui ont leui maximum spectial a 57^ m//, tandis cjiie hairs reactions photop)i(jiies 
de}>eudent d autres recepteurs sp( 5 cialises, pr^sentant un maximum de sensibilite vits 
300 vwft (Heeht®^, Koller et von Studnitz'*-). Le ineme phenomeiu' a etc retrouve!* par 
Unteiitsch'**' sur h' 1-ombric: maximum skiopticjue en lumiere jaune, maximum 
photo])iqut‘ en lumiere bleue. ( hez Limnaea staguuhs, les reactions skioptiques. Ires 


caracteristiques, peii\(*nt etre a point de depart I'xtra-oeulain' (cliez des individus 
aveuf?l(!^s) ; or elles sont tres probablenu'nt le fait de re('ept(‘urs sp(x*ialises epars dans 
lt*s teguments. ( ar elles presentent un maximum spei'tral qui t'oincide avec cehii de la 
sensibilite oculaire, V(‘rs 520 m// (Medioni’^^). 

llref nous pensons <|Ut? le sens dermatoptique stncio sensn est c 'racterise morl^holo- 
giqttemcni j)ar I'absencc de dispositifs photor<3('eptiairs (liff(''rencies, physiotogiqncmcnt 
])ar uiu‘ sensibilite spectrale croissante du rouf^t* an xiolet et psychologiqucmcnt par 
(les responses a la FUin/ere cn tant qiu' “stinnilus-a^iMit'’. Mais il existe dans la pt'au de 
beaucoup d'organismes acjuaticjiies des nVeptc'urs sjxHaalises leur confi'rant une 
sensibilite^ extra-oculaire (jue I'on pc'ut qualifi(T de “para-visuelle”. ('es dispositifs ne 
soul t^rn'ore identifies morphohgiqttcmcnl (|ue dans un faibh* nornbre de ('as, mais se 
('aract(:'risent physiologiqHCVuni ])ar luu sensibilili^* spectrale nuiximum dans les 
longueurs d’onde nioyenne du sjxctre visible et psychologi(]uement parce (ju’ils sont 
a I’origine de reactions a ^’augmentation ou a la diminution de I’c^rlain'ment ambiant, 
IM'iX'ues en tant que “stimuli-signes” (la reaction skiopti(|ue, par exemple, est une 
rc'ponse a la presem e evimtiielle cruii pri^dab'ur). 


( ()X( lajsioxs 

(I ) Le sens diumatoptique est un mode prirnitif de phot(U'eception ; c*est la fonction 
pliotoreceptrice du protoplasme indifferi'ncie quant a la pliotori^ception, dans le 
ivgne vegetal, coniine dans le ivgne animal. (2^^) A ce mode dc pliotoreec'ption est 
d'abord lie le phototropisme positif, ensuite des redactions photonegatives ou meme de 
sensibilit(' (liff(*rentielle, dans les(ju('lles la lumiere est un stimulus-agent, (j ) Aux 
photor(5c('pteurs di fft'reiu'ii's et au.x formations oi'ulaires sont liees d(-s 1 eactions d orien- 
.tation ('t des inactions perceptives dans l(*s(tuelles la lumiere et I ombre sont des 
stimuli-signes, et dont les plus primitives sont les 1 eactions skototelotacti(jues, 
skiDptiques, les perceptions d ’ombres en mouvements, etc. (4*^) La vie aerieiine scmble 
a\'()ir supprimcd le sens dermatopti(iue, (jui n a pL subsiste alors que dans certains 
tissus du corps, en particulier le tissu nerveux, oh il sc manifeste par des phenomenes 
pbotodynamiques. pliant an phototropisme, choz les animaux superieurs il dcfvicnt 
excliisivement le fait des excitations oculaires. 
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PERIODIC CHANGES IN THE VISUAL PK'iMENT OF A FISH 

H. J. A. DARTNALI,, MAKGAKKT R. LANDRR xnd K. \V. MUNZ* 

Visual Research Oivisinu , Ophthalmological Research Vuti (M.R.C.) lustitutc of 
(>phthalmolo((y, London (Great Rriiain) 


Mr. Chairman, Ladies and Gentlemen 

llu' invi'sligcilion I am to talk about thismorniiif^bu^an, as so many do, from a 
uliaiK o observation. In the winter of i(>5() we were examiniiiji^ tlu‘ visual piji^ments of 
as many British fresh^water fish as we could lay our hands on. Among the fish wi* 
received from our supplier at this time was a consignment of vwAd (Sear dinius cry Ui- 
rophUicimus), This is a common fish in Britain characteristic i f lakes and sluggish 
rivers. 



I. Vciriahility of the* riidd visual pigment. ( ontinuoiis line, absorption (r)ptical elensity) 
s])ectnim of extract (I 12) made on Keb. 3nl 195^ ^ 0 ' aiethod 1 (see text) from a consignment ol 
fisli. C ircles, extract (J <)) made on Mar. 19U1 by imdhod 2 from same consignment, f'rosst's, extract 

(L .[) made on April 7th by method i. 


■ An extract of the visual pigment was prepared from the retiuai* of some of these 
riuld and its absorption spectrum is shown by the cf)ntinuous line big', i. This spec- 
trum seemed to be in no way remarkable. It hfid '• maximum at 53^ 'n//, anil we at 
first supposed that it contained vi.sual pigment 533* ^ pigment which is found in a 
number of fresh-water fish. Wc did not, therefore, examine the extract more closely 


at this stiiffe. 


Jurinff. tenure of a lOiS -igsO postdoctoral research fellowship from the National Institute of 
irological Diseases anil Mlindness, l>rcscnt address: I n.v. of Oregon, hugene. Ore. 
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About six weeks later, we had occasion to make another extract from the same 
sample of rudd. To our surprise the absorption spectrum, shown by the circles in 
Fig. I, was (juite different from that obtained before. We thought at lirst that this 
difference might be due to the fact that we had used slightly different procedures for 
extracting the visual pigment in the two experiments. Thus, the first had been pre- 
pared simply b\' allowing whole, washed retinae to stand in digitonin solution. The 
second extract, however, was made from the visual cells alone, after these had been 
separated from the rest of the retina by floating them in 35% sucrose solution. 
Accordingly, to settle whether the differences were due to procedural v'ariation, we 
made yet a third extract, shown by the crosses in Fig. 1, but this time using the first 
method. As you see we obtained very nearly the same result as on the second occasion, 
showing that the procedure used in extraction was not the cause of the difference's 
observed. The real cause of these differences is connected with the lapse? of time since' 
we had first re'e:eived the fish. In antie'ipation of what 1 shall deal with in detail later 
em, T may say nenv that the visual pigment e)f the rudd is not ce)nstant but varie?s 
acc'ording to the time of the ye?ar and also according to the conditie^ns unde'i* which 
the fish is kept. 

Now how is it pos.sible for a \'isual pigment te> vary in its light-absorbing properties? 
It would .‘ie'ein \*ery unlikely that tlu're could be an actual change' in light-aKsmbing 
pre:)pertie's of a single pigment. A much meue' probable' explanation wenild be that 
there' is more than one' pigment present in the rudel retina anel that the changes an' 
due to variations in the proportions of the pigme'iit. Our task, tlierefore, was to try to 
determine the composition of the visual pignu*nt extracts: to ascertain whether the\' 
were homejgeneoiis, or eronsisted of a mixture of pigments and, if the latter, what the 
proportions of the various j)igmcnts were. 

The composition of a visual pigment extract can be d('termmed by the mi'tbod of 
partial bleaching (I)artnalb»2)_/\j^ name impli('S,in this method the extracts are 
partially bleached with monochromatic lights drawn from different parts of the visible 
spectrum. Now if an extract contains only one pigment then (dearly tlu' changes from 
.stage to stage in a series of partial bleachings must be (jualit.itively the same'. If, 
however, the extract is a mixture, then by suitable choice of the blt'aching wavelength 
it should be possible to affect one pigment more than another. In this evi'iit the changes 
from one stage to the next will be cjualitativolv different. 

Accordingly we carried out a large' number of partial bleaching expc'riments by 
which we ascertained that in every one of the rudd extracts we prepared — and there 
w’ere more than forty in all — there wx*re two visual pigments and two pigments only. 
The properties of these two pigments w^cre constant. 'Ihe marked variation in the 
properties of the whole extracts were due to variations in tin. relative amounls of 
these tw'o constituent pigments. 

As an example of this let us consider Fig. 2. In tht' upper part of the Figure are 
shown the absorption spectra (first curves through white tircles) of two extracts 
which had quite different light-absorbing.properties; one of them showing a maximum 
at 517 m// and the other, a maximum at 529 m//.. When these extracts were exposed 
to deep red light of a certain intensity for 2 h, they were partially bleached to the 
stages shown by the second curves through the white circles. Previous experiments 
had shown us that this deej) r(;d light — actually of wavelength 660 m// - - was effec- 
tive in bleaching one of the constituent pigments in the extracts without markedly 
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iffpcting tlie other. A further 2 h exposure to the satne red light caused little further 
. liange (first curves through black circles), confirming that nearly all of the red- 
sensitive pigment had been removed by the first bleach and also that tliis light had 
little effect on the remaining pigment. Finally, on exposing the extracts to white light 
1I5-\V lamp, 10 min), considerable further changes took place (second curves through 
black circles). These were due to the bleaching of the red-insensitive components of the 
extracts. 



2. Varial)ility of the riiiUl visual pigment is due* to alterations in the relative* ])rop(>rtions of 
two eonslant pigments. I -pper half of figure shows the absorption (optical density) sjn'ctra of two 
different extracts (witli al>sorption maxima at 517 and 529 in/i respectively) and the n*snlts of 
partially bleaching them, first with OOo m/^ light lor 2 h, tlnm lor a further 2 h. and finally with 
white light. J^ower half of figure shows that the dilferc*iici* spectra for the fi- st red bleach«-s (white 
eireles) and for the final white bleaclu's (black circles) are pr.ictically identi. o in the two extracts 
showing that the same two pigments are ])resent but in diflerent ]>roporlion. The pure diffen*nce 
spectra (see text ) for the n*d stmsitive and nxl-insensitive jiigments of the nidd retina are shown by 

the c<»ntiiiuoiis cnrvt*s. 


The (liffertMice si)ectra for the first red bleat hes and for the final whiter bleaches are 
shown in the lower part of Fig. 2 b>’ the white and black circles respectively. The con- 
tinuous curves you see are not drawn through these results but are difference spec- 
tra for thi' pure constituent pigments of rudd extracts. The agreement of these curves 
with the H'sidts shows that the red-sensitive and rod-insensitiv(‘ components of these 
two (juitc different extracts are qualitatively identical. It is only their proportions 
whicli vary, i'hus the extract '*K 10^' with maximnm at 5^7 contained about as 
nnich red-sensitive pigment (shown by the hatching; as red-insensitive pigment, the 
dctual proportion being 45% of the former and 55% latter. I he extract L 5 # 
with a 529-01// maximum, however, was very rich in the red-sensitive component, 
having the composition 83/17. 

Now, of course, it is never possible to effect a perfect separation of pigments in a 
mixture by partial bleaching. The. red light must bleach some of the red insensitive 
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pigment. Perhaps I should say a few words, therefore, about how we can decide the 
true valut s for the difference spectra. Now it is a fairly easy matter to ensure, by 
many exposures of an extract to deep red light, that every trace of red-sensitive pig- 
ment is removed. By .subsequent bleaching of the red-inscnsitivc pigment we can, 
therefore, obtain its true difference spectrum. With extracts which have been denuded 
of their red-sensitive component in this way we can also find what small proportion of 
the remaining insensitive component is bleached by the deep rod light. With this 
knowledge the difference spectrum for any red bleach can bo corrected for the contri- 
bution of the red-insensitive pigment which it includes. When this is done it is found 
that all difference spectra obtained by red-light bleaching agree. 

Fig. 3 shows the pure difference spectra for the two pigments present in every rudd 
retina. The white circles refer to the nrd-sensitive pigment and the black circles to the 
red-insensitive pigment. 



1 t » » > » > lJ- 

400 500 600 

Wavetenqrfi in m|j 

Fig. 3. Thi; difference .spectra of the two retinal pigments of the rudd, visual pigment 543 (white 
circles), a vitamin- A2 jugmont, and visual pigmiuit 510 (hhick circles), a vitamin- ;\i pignumt. 


Now a diffetence spectrum is the difference between the absorption spectrum of a 
visual pigment and that of its product of bleaching. Such functions have a positive 
portion which approximates to the absorption spectrum of the pigment and a negative 
portion which approximates to that of the product. The red-.sensitive pigment (white 
circies) has a maximum at about 543 m// and bleaches 10 it producl having its maxi- 
mum at about 400 tn/u. This indicates the product to be retinenv j and the jAgment 
543 to be a vitamin-A2 pigment. The red-insensitive pigment has a m.vximum at 
510 mju and, from the nature of the negative portion of its differeii. e spectrum, appears 
to be a vitamin-Ai pigment. 

From the two curves shown in Fig. 3 it is possible to construct any number of 
intermediate curves to represent mixtures of the two. Armed with a series ot ihesc 
curves we could then determine the composition of any difference spectrum by finding 
which constructed curve it matched. The way we used this principle is shown in Fig. 4- 
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In this figure the ordinates are wavelength in m/f, and the abscissae the percentage of 
the 543 pigment in the mixture. Let us first consider the curve labelled "line of Anwx”. 



Wovdenc^ in mp 

I'ig. 4. Chart for dolerinininK thv composition of a mixture of visual pienicnt 54.^ ami visual 

pigment 510. luir (‘xplanation sec text. 


This shows the relationship betw'een the composition of a mixture and the maximum 
of its difhirence spectrum. For example, a 50/50 mixture lias a maximum at 524 m/i. 
Similarly, tlu? otherT^iies marked 90, 80 and so on, giv(* a like nilationship between tlie 
composition and the ordinate of the long wavtj-length arm of the difference spectrum. 
h\)r example, tfu; diffenmee spectrum of a mixture consisting of 80% j)igment 543 has 
50% point at 594Trvc 

Given any difference speetriim, tlierefore, we can obtain a number of estimates for 
its eom])()sition, namely from its maximum, a 90% point, an 8o‘Vo point and so on. 
1'he mean of these estimates gives a very reliable value. 

A proof of the accuracy of this method is prov ided by the fact that estimates of 
composition from the overall difference s])eetrum alw^ays agreed - - usually to better 
than 2% - w’itli tin* estimates obtained by adding together the values obtained from 
the individual difference spectra. 

Having made the observation that the visual pigments of the rucid changed over a 
period of time in our aquarium, wc anxiously enquired about further supplies. Anyone 
wlio has worked in tlii.s field know^s how exaspt'rating it is when the .supply of an 
iuteresling animal iust dries \ip. But fortune smiled on us. We learned trom our 
supplier that he had about 2000 of these rudd, in a small pond all by themselves, that 
they all had the same origin and history, were all the same age and size and were at 
our Arcordjn^}}'j, Wt wtre able to plan an extensive series of experiments 

U nii'h continued for well over a yair mid whu'h consuniecf some 400 of tfiese riic/c/. 

Gur next consignment of rudd was divided into two e(|ual batclies. One* hull of them 
" « put into an outside aquarium ("normal”), where the conditions were onghter 
in the pond from which they came. The other halt >.as put into a ar room 
; larium ("dark”). At intervals we took .samples from both these batches and exam- 
* 'J the composition of their visual pigments. The results are shown in Fig. 5. In t is, 

> in Figs. 6 and 7 the pattern of experimentation was the same, fhe ab^rption 
' trum of the extract was determined. It was then bleached for 2 h deeP red 
' t ; then for a further 2 h with the same red light; and finally with white light. The 
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changef vluc tu the first red bleach are shown shaded. In the top left hand corner of 
Fig. 5 an' shown the results for the rudd "K 8” as received from the pond. They 
contained a ini.\ture of the 543- and 510-pigments in the proportions 71/29. After 13 
days in the outside aquarium (“K 10”) this composition had changed quite dramatic- 
ally to 45% pigment 543 and 55% pigment 510; while after 46 days (“L 6”) the situa- 
tion had so advanced that the extract which was originally very rich in the 543 
pigment was now very rich in the 510 pigment. Now let us see what happened to the 


Nonnal Condittom 
lldayt \ 4bdays 



400 


SOO 600 400 500 600 400 500 
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Fig. 5. J’'ffoct of liglit cnvironinciit on the relative i)n»|)ortions of tlic' jngments 543 :in(l 5 1 o in f lit: 
nuld retina. Material bleached by first exjxisiire to red light shown shaded. Then followed a 
second ex]H)sure to red light and finally an cxjxisijre to white light. The (o t.)]H>rtions of the 543 
and 510 pigments are shown thus: 71/20 - 71% 543. 510. "Normal ronditions” brighter 

than in natural habitat, viz. in an open aquarium with side winilow, and subjeetisl to the nonnal 

alternation of day and night. 


fish that were kept in the dark room. There was le.ss change with these, though in 
47 days the 543 pigment rose from the original 71 % to 83 ‘' 4 . We may conclude that 
putting the fish into darkness causes the proportion of 543 piginiait to increase. 
Conversely, putting them into a bright environment causes the proportion of the 510 
pigment to incre.iso. 

Fig. () demonstrates that the.se changt:s are reveisible. Thi' curves in the up]X‘r half 
of the figure show how, after some fish had sjxait 13 days in the outside aquarium, 
the 543 pigment fell from its original 71% to 45%. After 20 days in this environment 
some of these fish were transferred to the dark room aquarium and after 15 day.s there, 
the 543 pigment had recovered to 66 'V„. 

In the lower part of Fig. 6 is shown the converse experiment. After some fish had 
been 16 days in the dark room aquarium, the 543 pigment rose from its original 71% 
to 77 ') 4 - After iq days in darkness some of these fish were transferred to the outside 
aquarium and after 15 days there the 543 pigment had fallen to 53 *X)- 

I have spoken as though the visual pigment situation of fish can be examintid at 
intervals. This, of course, is true only in a certain sense. The examination of the visual 
pigments of a fish by our methods nea’ssarily involves killing it, and what in fact 
one docs is to examine a sample of a large population at intervals; and one has to 
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ussiimc that each sample is truly representative of the whole. This, I think, is a fairly 
n'asonablc assumption, not only because all the fish were of the same age and size and 
had the same history, but because lo fish were used in preparing each extract, a 
number sufficient to iron out any individual variations. 



"loc Sob* 40 cr“i?)b * ‘ ‘ ‘boo soo “ ‘ ‘ too' 
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I'i^. f>. KcviTsibility of tlu? changes causocl by light environment to th(‘ proportit)ns ot pigments 
543 and 510 in the rudd retina. Terms and layout as for log 5. 


In h'ig. 7 lire shown some more re.sults. In tlu‘ u])per half of the figure a similar 
(‘xperiment lo that in the upper half of Fig. 0 is displayed, but with some fish received 
in May ('‘I- 4”). These contained a 49% proportion of the 543 pigment compared with 
the 71% of the April fish (“K 8", Fig. 0). After 20 days in the oiit.side atpiarium the 
543 pigment fell to 19% but this trend was reversed b\' putting thi' fish in the* dark 
room for, after 14 days there, the 543 pigment had reco\'(ned to 4^)”,,. 

T he results in the lowH^r half of Fig. 7 are of special interest. You may imagine that 
with batches of fi.sh being receiv('d at periodic intiTvals and with each batch the sub- 
ject of experiments in different light environments, the pressure on our dark room 
space became insupportable. Beixiusc of this we decided to black out oiuj of our outsidt? 
a(juaria. This wt" did by pasting black photographic paper over the front window and 
by re.sting on the top of the aquarium a piece of thin mild st(‘el sheet to exclude top 
light. These arrangemt?nts were not absolutely light tight, for there were tiny chinks 
left between the top cov'cr and the sides of the aquarium, which allowed a little 
daylight to enter. After some fisli (extract ’‘L ii*') had sjKmt 28 days in this acjuarium 
("normal dim'") the 543 pigment fell from the original 49% to 39%. We had expected 
a rise in these conditions of near darkness. When .some of these fish were transferred to 
the dark room for 44 days (extract "M 9**) the 543 pigment showed the expected rise!, 
actually to 68%. This .showed that the fi.sh were behaving normally. The unexpected 
result obtained with the fish which had been kept in the inadequately blackcxl out 
a(|uarium worried us. We" found it difficult to believe that the very dim conditions 
inside this tank could be so different to the fish from complete darkness as to reverse 
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the evp.;cted trend. In this wc were quite wrong. Not really believing that it would 
make any difference we went to great trouble to tape up every possible light leak in 
the tank. To our surprise and relief the pigment 543 then began to accumulate in the 
rudd retina and. after 20 days, had risen from 39% to 55%. 

In Fig. 8 I have endeavoured to .summarise our experiments, ('onsider first the 
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Fig. 7 luirtluT oxporimrnts on the effect of ligbt environment on tiu* proportions of ]»iguu*nts 
543 and 510 in the nidd retina, hor c'xphination see text. 



Fig. 8. Upper half, siimmar\^ of experiments (fish unfed except for those of consignment 5). For 
explanation, sec text. I-ower half, the sunrise-sunset interval for latitude from The Abridfied 
Nautical Almanacs for the years 1959 and 1960, London, Her Majesty's Stationery Office. 

upper part of the figure. This represents a plot of the percentage of the 510 pigment in 
the retinal mixture as a function of the date. The circles labelled i to 7, give the visual 
pigment compositions of the 7 consignments of fish as received from the pond between 
January 1959 and April 1960. The curve through these circles is not dissimilar to the 
curve shown in the bottom part of the slide. This is the daylight-hours curve for 
latitude 52'^'N as given by the Nautical Almanac. Thus in the winter months when the 
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days are short the 510 pigment is minimal while in the summer months it is maximal. 
There is a difference in amplitude of pigment variation as between 1959 and i960 
which we cannot explain. Whether there was a change in the general brightness level 
between these years or whether the amplitude difference depended on factors of 
growth in the rudd — which were, of course, 15 months older at the end of our 
experiments — we are unable to say. 

The other points which arc joined directly or indirectly to the numbered circles 
represent the results of experiments which were done on that particular consignment 
of fish. The white circles represent results from fish which had been kept in our outside 
tanks, i.e., subjected to the normal alternation of day and night. The black circles give 
the results on fi.sli wliich had been kept in darkness. I will run briefly through the 
experiments. Of the first consignment samples were examin(‘d on arrival to give tin* 
point I and again after two periods in an out.side tank. A similar experiment was done 
with the second consignment and you will observe that, as befon*, the proportion of 
pigment 510 increased on placing the fish in the bright out.side tanks. After .spending 
some 20 days in this tank .some fi.sh of the second consignment were placed in darkne.ss 
with con.si‘(iuent abrupt change in pigment composition, ('onvensely, after about 20 
(lays in the dark room, some fish of this same consignment were transplanted to the 
outside tank with a similar but oi)posite change. 

The results of the ejeperiments with the third con.signmont are particularly intere.st- 
ing. Again, some fish were put in the outside acpiarium with conse(iuent rise in the 
propiortion of pigment 510 towards an asymptotic valiu' of about 85%. After 20 days 
some of these were transferred to the dark room cau.sing a fall in this propiortion. The 
crosses repuesent the results obtained with some- of this consignment which were p)ut 
into our inadequatidy blacked out a(juarium. The mo^'ement of pigment comp>osition 
in this case was, as I mentioned earlier, in the op^posite direction to that expiected. 
When, after 20 days, .some of these fish were p^ut in the dark room the piroportion of 
510 piigmcTit fell. After 35 days in the inadequately blacked out tank, all light leaks were 
candully blockc'd with tapx^. Then‘ was then an immediate' change, in compiosition in 
the expected direction. On reverting to the inadequate condition tlu^ direction ol this 
change was reversed. 

The experiments with the fourth con.signmcnt wctc interesting because in these the 
original p)roportion of the 510 pugment was at its maximum of about 85%. Con.se- 
(luently, on pilacing some of them in darkness a very large fall in the 510 p:)roportion 
occ urred an<i a correspondingly large rise in tlu* 543 prop)ortion. In the outside tank, 
however, no rise, indeed a small fall in the 510 proportion took pdace. It seems that 
there arc natural limits to the proportions, that of the 510 pigment never falling below 
15% nor rising above 85% — and conversely for the 543 pigment — whatever the 
time of year or treatment undergone by the fish. 

The results with the fifth con.signment require a special word of explanation. The 
op)en circles repre.sent, as before, the results obtained with fish which had been put in 
the out.side aquarium. The half filled circles, on the other hand, repre.sent results on 
fish which had been put into an outside aquarium which had its front window blocked 
and its interior painted black. The initial rises in pigment 510 in both aquaria were 
I^robably due to the fact that they were both brighter than the original pond. The 
subsequent falls are attributable to the shortening of the days and the final rises to 
their lengthening. 
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Up till now I have given you the results of our experiments in the form of propor- 
tions of the two pigments. I have said nothing about quantities. In fact, all our ex- 
periments were carried out under strictly identical conditions so that the results we 
obtained were comparable on a quantitative basis. I would like in the few moments 
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l"ig- 9 - Quantitative- chanKos in the amounts of tin- 543- and 5 1 o lagnicnl.s in th»- retina yt the rudd 
after periods of starving or of feeding under normal conditions {i.r. subject to the alternation of 
day and night) and in darkiu-ss. Kudd of 4th consignment, l-'or explanation see text. 


left to me to direct your attention to a particular sequence of (luantitative experiments 
that we carried out. These are illustrated in Fig. q which sliows the absolute amounts 
of the two pigments present in a consignment (the fourth) of rudd at the beginning, 
i.e. as received from the pond, and also after the lapse of peritids of time during which 
the fish had been subjected to various treatments. The lengths of the white and .shaded 
rectangles are proportional to the absolute quantities of the 510- and 543 pigments 
respectively, a density scale being provided in the middle ot the figure. 

First a word about the treatment the fish received. In all the previous experiments 
I have described (except those done on the 5th consignment), the fish were not fed 
after receipt from our supplier. In the pre.sent exiHjriments, however, the effocts of 
feeding and of starving were investigated both in dark and in outside aquaria. 

The original proportion of pigment 510 in the fourth consignment was 88%. This 
proportion diminished in fish which had been kept in darkness whether they were fed 
or starved, but was more marked in the starved fish. The food was crushed dog bis- 
cuit, which probably contains some vitamin-Ai but which is unlikely to contain any 
vitamin-A2. It is readily understandable therefore that feeding would reduce the rate 
at which the 510 pigment diminishes in darkness. T he fish kept in the outside tank did 
not suffer much change in visual pigment composition and ‘no difference could be 
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U tc'cted between the fed and the starved batches. This may be due to the fact that 
I he consignment originally possessed the maximum S^^'P^gnient proportion and 
.'(uisequeiitly there was no scope for any increase. 

Now I would lik(j to consider tlie absolute quantities of the pigments. Originally the 
total amount of pigment was about 0.7 (in terms of the density scale shown in Fig. q), 
while after some 30 40 days it had risen to between 1.1 and 1.2. This rise in absolute 
amount of pigment on keeping fish in any of our acpiaria o('curr(*.d in all but one of our 
(‘Xperiments and I am at a loss to explain it. It may be that London tap water is more 
supcTcharged in dissolved gases than is the natural pond water, ( ertainly anyone wlio 
I)as ever left a tumbler of water on his dressing table o\xTnight in London will have 
noticed that by morning there are innumerable bubbles dining to the side of the 
glass, showing that the water was originally supen harged in air. (banting this ini'X- 
])licable increase in the amount of pigment, the particular interest in Fig. q is that at 
th(‘ end of the testing period the total amount of pigment was approximately constant, 
irrespective, and this is the point 1 wish to emi)hasise. irn‘spective of the treatmtuit 
the fish had received or the final proportions of the two pigments. 

The fact that the amount of total pigmcTit is approximately the same in all cases 
even though the proportions vary greatly, suggests very strongly liiat one pigment is 
formed at the expense of the other and vice versa, depending on Uie conditions. This 
I have illustrated in^the lower part of Fig. q, which suggt'sts that in darkness the 
vitamin-Aj pigment -510 is convertid into the vitamin-Aa pigment 543, and conversely 
in th(‘ light. 

As to the mechanism of interconversion between vitamin-Ai and vitamin-A2 
pigments we can sa\' nothing at this stage. A fascinating ecological point is. why does 
the rudd change its pigments? The 543 pigment would be well suited for the detection 
of long wave light; why should tliis pigment prepond(Tate in winter, and the other 
pigment, more suitable for the detection of short wavelengths, preponderate in sum- 
mer? J)oes the transmissivity of watiT change between summer and winter? Dotis the 
colour of the \T'getation on which the rudd fe(*ds change? Are tlie visual pigment 
changes anything to do with the S(*x life of the fish? 

Here is a further question. Are the two visual pigments of the »‘,jdd contained in 
separate visual cells or do they occur mi.xed in the same cells Our guess is that they 
occur mixed and that the 343- and 510 pigments use the same "opsin*’. 

This investigation has certainly raised more questions than it has answered. Ihere 
were times when we h‘lt we w(Te battling with a Hydra of mythology — no sooner did 
we cut off one head than two more appeared in its plact*. 

And now on this hot August morning I will leave you with a chilling thought. What 
if we had made only om* extract from the rudd at a time when its retina was rich in the 
vitamin-A-j pignuTit 543? And what if .someone else, then also made a single extract 
-- but at a time when the rudd retina was rich in the vitamin-Ai pigment 510? 
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POLARIZED LIGHT ORIENTATION BY AQUATIC ARTHROPODS* 

TALBOT 11. WATERMAN 

Department of Zoology, Yale University, New Haven, Conn. (U.S.A.) 


This report reviews our recently completed and current experiments on the polarized 
light orientation of aquatic animals. To begin with, it can be definitely stated that in 
a variety of arthropods from three major classes of the phjdum the plane of polariza- 
tion of linearly polarized light is perceived by some visual mechanism different from 
that which scn.scs light intensity patterns. The same conclusion now seems likely for 
cephalopods, too^"®. 

The reassertion that polarized light is seen as such by these animals seems necessary 
because considerable currency has been given to the notion that responses to polarized 
light are mainly, if not entirely, mediated by light intensity patterns established by 
differential scattering, refraction and reflection"* Since phototactic responses could 
occur to horizontal light intensity patterns arising from differential scattering of 
polarized light by particles in the medium, this idea is not unreasonable for free-swim- 
ming animals*. However, more detailed study of the relation between turbidity and the 
polarized light responses of the crustaceans, Daphnia and Mysidium, demonstrated a 
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Items are quite unlikely to account for the observed orientation®. 

Inirther study of these and three other aquatic arthropods sustained this conclusion 
,ind provided several new types of data whose only explanation is that there are two 
• listinct visual input channels, one for plane of polarization and another for intensity 
|,atterns2. i^or example, reversing the phototactic sign of the dytiscid beetle Hidessus 
and of Dciphnia has no effect on their polarized light responses although their light 
jialtcrn responses are reversed as expected. Our experiments and conclusions are 
(jiiite in agreement with those of von Frisch. Lindauer and Daumer^® who have 
|)res(Uited extensive new proof that polarized light perc(‘ption by the honey bee is a 
distinct physiological process. 

Quantitative study of the orientation of Dapimia and Mysidiitm in \'ertical beams 
of linearly polarized light has shown that the swimming direction relative to the c- 
\ector is not arbitrarily fixed and may change significantly from time to time®. Thus 
llu' previously described predominance of swimming perpendicular to the polarization 
plane is only a rough approximation. Although the.se crustaceans may swim at a 
constant angle to the c- vector most of the time, this angk^ may at any particular 
moment differ by as much as 30'’ from tin* perpendicular (Table I). 

FTirthermore, sucli perpendicular or nearly p(T])endicular orientation relative to 


loj?. I. Directional orientation ol the brjic- 
liyuran crab Podophthalmns vif'il in a vertical 
beam of white light. In the upper part of the 
figure the vcTtical beam is linearly p<^larize«l 
and the animals clearly showed preferential 
orientation at o‘', 90^' and \ 45*^ relative to 
the £*-vector. In the lower part of the figure 
the vertical beam was not p<darizc‘d and no 
evidence for. these? four basic elirections is cd)- 
vious. The numbers of observations are indi- 
cated by the N’s in tht' figure 
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the e-voctor may result from a special stimulus situation in which three other preferen- 
tial swimming directions are suppressed by strongly directional illumination (light 
contrast reaction) and high overall light intensities (light intensity effect)^. Under 
appropriate lighting conditions Daphnia, the amphipod Hyalella, Didessus and the 
mite Arrentmts orient preferentially in four basic directions parallel, perpendicular, 
and i 45" to the c-vector of a linearly polarized vertical light beam^. 

The same four basic orientation directions have also been found in many decapod 
crustaceans (Natantia and Brachyura including certain larval stages, juveniles and 
adiilts) (Fig. i),stomatopods and two species of squid®. The widespread occurrence of 
these basic swimming directions suggests that such orientation ('ould be an important 
component of the mcnotaxis of the aquatic animals concerned. The relation of these 
patterns of spatial orientation to the natural radiance distribution under water and to 
the submarine polarization pattern has been reviewed elsewhere' '. 

The closely similar manner in which a wide variety of arthropods and two di.'^tinct 
kinds of cephalopods respond in a \'crtical beam of polari/x'd light draws attention again 
to the problem of mechanism which remains largely unsolv(‘tl. Aj)parently this cannot 
reside in the gross morphology of the eye's since these range all the way from relatively 
simple cup- like ocelli in mites to the curious cyclopean eye of Daphnia, to the com- 
pound lateral eye of in.S(?cts and malacostracan crustaceans'®, to the chissic camera - 
type ej'o of cephalopods. 

The most general structural correlate of {rolarized light sen.siti\’ity is the presence of 
ultramicroscopic tubules in the rhabdom-like elements of the retina These tubules 
have their long axes perpendicular and radial to th«! optical axis of the ndinal cu-lls of 
which they form a part and are probably the site of the jdiotoreceptor pigmiMit in 
such eyes'®. As in plant cells"*, dichroism in regularly arranged molc'cules of this 
visual pigment would seem to b«! the most likely hypothesis for the underlying tnt'cha- 
ni.sm of polarized light perception. But much remains to be doiu' before this idea can 
be adetjuatcly tested. 
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L. VAN DHR LUGT 

Dutch Associution for the Treatment of Lupus, Itotterdam (The Setherlands) 


The modern treatment of lupus vulgaris with INH gives exet^llent results. As in every 
treatment with antibiotics, it is to be feared that the bacilli become* resistant. How- 
ever in tlu^ case of the lupus vulgaris there appears to be no proven case of resistance 
described in the literature. 

In one patient I found no reaction to the INH. The biopsy be^fort the treatment was 
negative*. After some months of treatm(*nt a second biopsy was performed. In this 
case tubercle bacilli ^^ere cultured, w-hich wth* inhil)i1(*d in their growth at 5 //g for 
each cm*^ of medium. I'he same figure was found by Meyer-Kohn b(‘fore he started 
treatm(*nt in on<? case. This seems to Ik* i*xc('ptional and also my pati(*nt s(*ems to 
have been resistant to INH from tin* start. All other patients who had relai)ses after a 
(ourse of INH, reacted promptly to a second course, and tin* growth inhibition was 
as before at 0.05 0.15 //g for each env^of medium. 

For the lupus the resistance to INH sc'ems to be exceptional but when the patient 
has some other form of tuberculosis, ('ombin(*d treatment with 1 \A.S. or (and) stnjp- 
tomycin should lx* gi\'en. 

In KjSS Dr. Kottier and I published a study* on the working mechanism of the 
Fin.sen-therapy wdiich made* it clear that without the* rays that c an form vitamin D 
in the skin, the Finsendamp has no effect at all. There are other arguments for the 
idea that the Finsen-lamp works by m(*ans of vitamin D formation. Lomholt - showed 
that in healing lesions of lupus vulgaris treated with the Finsen lamp, activation of 
the fibroblasts appears. The same phenomenon is found in healing lupus lesions of 
pati(*nts who receive vitamin D by mouth, and also in the tissue culture of fibroblasts 
if vitamin D is added. 

Charpy based the vitamin D therapy on the fact that vitamin D is the hictor com- 
mon in till* light and diet therapies, which were used previously. All this emphasizes 
the importance of the w'ork of Finsen. The fact that you can prove that the Finsen- 
therapy is a form of vitamin D therapy tak(*s us onv step forward, but only on(!, as 
the working-mechanism of the vitamin U is not yet «dear. Several facts must be borne 
in mind, when an attempt is made to explain the w^orking of the vitamin D. 

(«) Vitamin D injected locally in the lupus lesion is effective (Jensen'^). 

(A) Vitamin D in the dosage u.sed in lupus vulgaris can very definitely damage any 
patit'nt with pulmonar tuberculosis. This bad effect on tuberculous diseases of the 
lungs has been very distinctly demonstrated by Kidderbos^. He used high dosages of 
vitamin D in a great number of patients with bronchitis tuberculosa. This process 
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itst’lf, V.liich is comparable to the lupus vulgaris, reacted very well, but the lung 
process flared up in so many cases that it could not be a coincidence. 

The h>’pothesis of Klip® seems at present the best. Klip states that vitamin D 
works on the phospholipid metabolism of the tubercle bacilli : when this happens, the 
ti.ssue defence mechanism can better attack the bacilli. This will happen in the .skin. 
The skin and subcutis arc not damaged, as they have no phospholipid metabolism. In 
the lung the tissue has a strong phospholipid metabolism and can therefore be damaged. 
It is thus understandable, why in a number of cases the tuberculous processes 
flare up. 

The experiments of Stringer seem to agree w’ith this theory. VVlien he gave guinea 
pigs vitamin D by mouth, granuloma artificially induced by phthioic acid (a syn- 
thetic product of the tubercle bacilli, belonging to the group of the phospholipids) 
disappeared more rapidly than in the control animals. Some e.^periments which I 
made .seem to agree with Stringer’s experiments. A group of guinea pigs were all 
treated with BCG suspension subcutaneously. Half of them receiv(;d vitamin D 
(ca. 20,000 lU) a day by mouth for 6 weeks and in these weeks 2 doses of 300,000 lU 
intramuscularly. An intracutaneous injection with BC(i su.s|)cnsion gave in the vita- 
min D-treated animals only an infiltrate, whereas the control animals develo}Xid an 
ulcer. The tuberculin sensitivity was also less in the vitamin I)-treated animals than 
in the control animals. 

One experiment remains to be mentioned. Four guinea pigs treated with vitamin I) 
and B(Xi suspension as mentioned above, received a suspension of human tubercle 
bacilli intracutaneously after 6 weeks. The vitamin D animals d(!Vt;loped an infiltrate 
and the controls an ulcer. Ten days later they were given tuberculin intracutaneously. 
The vitamin D animals reacted with redness and the control animals with a necrotic 
reaction. At the same time a BC(i suspension was given intracutaneously. 'Phe vitamin 
D animals reacted with an ulcer and the controls with only a infiltrate. This does not 
seem to coincide with the earlier results. I believe that this is the phenomenon de- 
scribed by Sulzberger® as dichotomy, i.c- a strong reaction on the tulw'rculin and a wi'ak 
reaction on a living but less virulent bacilli. The weak stimulus of the BC(i caused a 
smaller reaction in the control animals who still reacted heavily on the human 
tubercle bacilli. The vitamin D-treated animals had not such a strong reaction on the 
human tubercle bacilli and therefore in this cas<‘ reacted stronget to the second and 
weaker stimulus. The reaction on the tuberculin was the reverse of these reactions 
and coincided with the earlier results. 
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DIE SONDRRSTELLUNG DES LUPUS VULGARIS IN DER 
TUBERKULOSELEHRE 

ALTUN PROPPE UND Gl STAY WAC.NKR 
Ilatttklinik der Christiau-Albrechls-lhiiveysitat*, Kiel ( Ih ttlscliland) 


lin allgcmcinen trifft es fiir die Zonen gemassigton Klimas /u, (lass die Erkrankung<*n 
an 1-upus vulgaris zunehmen, wtmn die Hiiufigkeit (U-r allgenunnen tuberkuldson 
Erkrankungsfalle, insbcsonderc die Hiiufigkeit der Lungentuberkulose in der Bc- 
vdlkerung wilchst (Abb. i). Nun gilt es seit dern Naclnvcis des Koch’seben Bazillus 
beim Lupus x'ulgaris (l)outrelepont) als (une befriedigende Erkennlnis, in eben diest^m 



Bazillus die wesentliche Ursaclie des Lupus vulgaris zu sehen, und man ist infolgt- 
dessen um.so Iciohter versucht, auch aus der glcich-sinnigen Beziehung zwischen der 
Hiiufigkeit der allgemeincn Tubcrkulo-se und der des Lupus vulgaris zu folgem, dass 
die aus der allgemcinen' Tuberkulose-Lehre abgelciteten Vorstellungen uber die 

• Dircktor: Prof. Dr. mcd. Albin Propvu'. 
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Patbogetiese der tuberkulosen Erkrankung spcziell auch die Natur des Lupus vulgaris 
dem Ven,tandnis erschliessen wurden. 

Die erste Schwierigkcit fur dieses V’erstiindnis ergibt sieh jedoch schon allein aus der 
Proportion der schr voneinander abweichenden Haufigkeiten, mit der die verschieden- 
artigen Tuberkuloseformen auftreten. Wie die Abb. i erkennen lasst, verhalten .sich in 
Schleswig-Holstein die jahrlichen Noucrkrankungen an Lupus vulgaris zu den Neu- 
erkrankungen an aktivcn, ansteckenden — solche mit und ohne Bazillennachweis 
zusammengenommen — und nicht ansteckenden Formen der Lungentuberkulose 
ungefahr wie i ; 75 und i : 250, wobei dieses Verhaltnis anschcinend nicht einmal 
konstant ist. Es ist die Seltenheit, mit der es bei tuberkuldser Infektion zur Ent- 
stehung eines Lupus vulgaris kommt, die das Interesse fiir jene offenbar be.sondcren 
Umstande weckt, unter denen die Haut von einer lupfisen Krankheit.serscheinung 
befallen wird. 

t)ber einige solchcr Umstande tiiuscht man sich wohl nicht : der bevorzugte Befall 
des weiblichen Geschlechts und der bevorzugte Sitz der Erkrankung im Gesiclit. Mag 
das erste Moment den Gedanken an die Bedeutung einer konstitutionellen Bcsonder- 
heit fordem, so lenkt das zweite die Aufmcrksarnkeit auf eine topographisch um- 
schriebene Veriinderung des Gewebszustandes, auf den Zustand des 'I'errains also. 

Zu eincm wenig befriedigenden Ergebnis gelangt man dagegen, wcnn man v^rsucht, 
allgemeine Ideen der Infcktionslehre wie die der Immunitiit odor die eines bestimmten 
Grades der Infektabwehr auf die Fathogenese des Lupus vulgaris zu iibertragen. Es 
ist gewiss, dass die Triiger einer Hauttuberkulose viel haufiger — vielleicht 10 mal so 
haufig (Gehrels und Kalkoff’) — als Hautgesimdc von einer tuberkulosen Erkrankung 
der Lunge befallen sind. Bevorzugt trifft dies fiir die Manner zu. VcTfolgt man dabei die 
Kasuistik im einzelnen, so ergibt sich, dass dor Lupus vulgaris den Verlauf der I-ungcm- 
tuberkulose in gleichsinnigt;r Weise begleiten, diiss cr aber auch ablieilen kann, wah- 
rend die Lungentuberkulose fortschreitet, un<l dass schlies.slich aiu^h uingekehrt der 
Lungenbefund sich unter zunchmender Ausbreitung des Lupus vulgaris bessern 
kann. Die ergilnzende Betrachtung der Todesursaclien, unter denen das Leben d(‘r 
Lupostm endet, unterstreicht die Gefalir einer Lungentuberkulose itn Verlaufe eines 
Lupus vulgaris. In Schleswig Holstein findet sich bei 448 in der Zeit von IQ34 bis 
1958 verstorbenen Lupus-Kranken als Todesursache 85 mal - - 19% eine Tuber- 
kulose der Atmungsorgane (57 h'alle) oder ar.'lerer Organc (28 Falle) verzeiclmc't, 
wobei noch zu bemerken ware, dass in 78 Fallen, - i7.4“o des Gesamtmaterials, die 
Todesursache nur mangelhaft angegeben worden ist Freilich ist die Bedeutung einer 
solchen Mortalitiitsstatistik nur schwer einzuschiitzen, weil die Lupirs-Kranken 
keineswegs in alien Fallen bis zum Lebensende verfolgl werden. In Schleswig 
Holstein ist es, wie vielfach auch anderwarts, tiblich, die regelmassige Uberwachung 
abzubrechen, wenn der klinischc Befund nach Abheilung langer als 5 Jahre keinen 
Anhalt fiir das Wiederauftreten lupdser Infiltrate erkennen la.sst ; und dies ist bei den 
weitaus meisten Kranken der Fall. Gehrels und Kalkoff ^ haben daher guten Grund zu 
der Folgerung, dass der von der Mehrzahl der Untersucher gewonnene Eindruck eines 
verhaltnismas.sig gutartigen Verlaufs der Lungentuberkulose bei Hauttuberkulosen 
sich durch die als Gegenargument dienenden Ziffern der Mortalitiitsstatistik nicht 
widcrlegen lasst. 

Man kann nun aber beim Lupus vulgaris einerseits sehr rasch fortschreitende und 
andererseits iiber lange Zeitraume vdllig unverandert bleil)ende Formen unterscheiden. 
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dncr Dfeertotion 4b«r die EiRenWmlichkdto vou KU™ mit soVch extemen 
\ er.aufsweisen tat Gicter beiegt, dass em raach pioRredicnter Lupus tauligur ais alte 
langsamer fortschreitenden Formen mit tuberkulosem Befall auch andcrer Organe 
vcibundcn ist. Weder Geschlecht nocb I^bcnsalter, noch familiarc Belastung, nocb 
das landlichc oder stadtischc Milieu scheinen dabci eino KoUc zu spielen. Aber die 
limstande der Flucht am Kriegsendt', die Zeit dt's Weltkricges 1914 igitS und der 
iniliale Befall von Rumpf und Gliedmassen ist fur den progredienten Verlauf offen- 
sichtlich von Belang. Ein der Dissertation von VVeyer^ fiber die Hiiufigkeit des Zu- 
sjimmentreffens lupdser Hauterkrankungem mit anderon tuberkuldsen Manifestatio- 
nen entnommenes Bild (Abb. 2) veran.sehaulicht den Untersehied in der allgemeinen 
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Kig. 2. J)i<* Belastung mit Organtubcrkuloscn bci 1915 l^alk-n von l.iipus viiigaris mil cxtrc'miT 

Verlaiifswt'ist*. 


tuberkulosen Belastung des Organismus bei rasch fort.schrciti^ndem Verlauf und bei 
stationarem Zustand des Lupus vulgaris. Aus di('sem Befund liisst sicli elier die Tlu^sc 
vertreten, dass die allgemcine Beaktionslage eines Organismus die Srhnelligkoit in der 
Entwicklung und Ausdehnung des lupiisen Vorganges bestimmt, als dass in ihr die 
Bedingungen, die die Entstehung (*ines Lupuslierdes in die Wege leiten, enthalten sind. 

Dig Sonderstellung des Lupus vulgaris im Kahmen einer allgemeinen Tuberkulose- 
lebrc driingt sicli auch aus den uberzeugenden ErfoJ^en der Vitamin D Bchandlung 
(Charpy) auf (vgl. 10. Internationaler Kongress der Dermatologie in London 1953: 
The treatment of tuberculosis of the skin). Es ist sicher, dass das Vitamin D keinen 
hemmenden oder gar zerstdrenden Einfluss auf die Koch'sehen Bazillen ausiibt. Bei 
anderen tuberkuldsen Manifestationen, insbesondere bei der Lungentuberkulose, ist 
es von nuf sehr zweifelhaftem Wert. Wenn wir auch glauben, dass die modernen 
Tuberkulostatica aus vielerlei Griinden in der Bchandlung des Lupus vulgaris gegen- 
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iiber d'jr.i Vitnmin D eiiicn weiteren Fortschritt darstellen (siehe bei Wagner'*-^), so 
ist es fur die hier versuchte Betrachtung dennoch wcsentlich, dass die neue Ara der 
Lupusbehandlimg, die durch eine bequeme orale Medikation gekennzcichnet ist, mit 
der Einfuhrung eines Wirkstoffes beginnt, der gegen den Lupus vulgaris recht viel, 
gegen die ubrigen tuberkuldsen Manifestationen fast nichts vermag. Aus cinem dem 
Morbus „Tuberkulosis” eigentiimlichen Moment lasst sich der Einfluss des Vitamin 
D auf die lupiisen Herde nicht begreifen. Hier ist die Bedeutung einer topographisoh 
umschriebenen Veranderung des Gcwebszustandes fiir die Pathogenese des Lupus 
vulgaris offensichtlich. Man kann nicht iimhin, an dieser Stelle der Einfuhrung dor 
Lichtbehandlung durch Finsen zu gedenken. Der durch sie in dor Lupusbehandlung 
bewirkte Fortschritt gegeniiber dcr damnls weit verbreiteten Exkochleation ist 
- - auch im Hinblick auf das Verstiindnis fiir die Pathog<*nese des Lupus vulgaris - - 
unvergleichlich tiefgreifender gewesen als der, der im Vergleich zur Vitamin D-Bo- 
handlung neuerdings durch die Tuberkulostatica erreicht worden ist. Man ersieht dies 
am besten aus den Berichten (z.B. Bering®) fiber die Pilgcrfahrten, die sein»‘rzcit die 
schleswig-holsteinischen Lupuskranken nach Kopimhagen unternahmen, bis 
v. Diiring-Pascha, der erste Inhaber des Kicler Lchrstuhles fur Hautkrankheilen, in 
Kiel selbst eine Finsenlampe in Betrieb genommen hatte (Propped). 

Die griisstc Schwierigkeit, die Pathogenese des Lupus vulgaris aus der allg(?mcineu 
Tuberkuloselehrc abzuleiten, crwfichst schlie.sslich aus der Alters verteilung des 
Erkrankungsbeginns. Man fasst den Lupus vulgaris gewohnlich als eine Folgeerschei- 
nung des Generalisations-stadiums auf. Wenn dies richtig sciu soli, dann miisste der 
Beginn lupdser Herde cine zeitliche Beziehung zum (ieneralisationsstadium auf- 



Lebansalter 


Jahre 


3* Verteilung des Krkrankungsc'ilters der in Schleswig-Holstein erfassten Lupuskrankt'ti 
in den vStichjahrcn 1031 1935 iiiui 1^)48 i<)52. 


weisen. Solange man den F^indruck als gesichert glaubtc, dass der Lupus vulgaris 
weitaas am haufigsten die jugendlichen Altersklassen befallc, bestanden keine Schwie- 
rjgkeiten fiir diese Vorstellung. 1953 konnten wir® aber darauf hiiiweisen, dass der 
Eindruck von einer Disposition des jugendlichen Alters zur lupiisen Erkrankung auf 
einem Irrtum beruht. Immer wenn man bei einer so chronisch verlaufenden Krankheit 
wie dem Lupus vulgaris das Lebensalter des Erkrankungsbeginns in statistischcr 
Weise betrachtet, ohne darauf zu achten, ob die Chancen dcr Erfassung fiir alle 
Lebensalter gleich gross sind, liiuft man Gefahr, im jugendlichen Alter entstandene 
Krankheitsfallc bevorzugt aufzusummieren, wcil die Krankheitstragor bei der spji- 
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-K-n Sammlung noch lebend angetroffen wcrdcn kiinnen, wiihrend die derselben 
Kpoche zugehcngen. gleichmtig ebcnso erkrankten alten Leute sich entsprechend der 
Absterbeordnung der statistischen Erfassimg inzwisdien liingst entzogen habcn. In 
der Tat ergibt die Vermcidung dieses Fehlers, dass der Lupus vulgaris alle Lebens- 
alter auswahllos ungefahr glcicli haufig befiillt. 
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Fif'. 4. J)io Alt(!rsverteilung bei I.iipiisbo- 
fjinii ini ViTgloich zuni AlftTsaufbau drr 
Hpvbikerung Schleswig Holsteiiis in den 
Stichjahrcn 1*^31-1935. 



Kig 5. 1 )ie Altersverteiliing bei I-iipiisbe- 
ginn ini X’ergleich ziini Altersaufbau der 
H(‘\ olktTung Schlt\swig - Holsteiiis in den 
Stiehjahren .91^ I95«2. 


Der Bedeiitung dio’^«^ 3 ^.plTnentes wegi'ii haben vvir uns bemuht, dessen Stichhaltig- 
keit erneiit /u pruf(‘ii.‘ Aiis ihm leitet sich die Erwartimg ab. dass die Altersvert(‘iliing 
bei Lupiisbeginn sich in don 3oiger Jahreii anders als in den Soigor jahren darstelle, 
weil sich inzwischen der Alb'rsaufban der ReviUkerung gt^iindert hal. Unserc Er- 
wartungen^ sind anhand der Karteiunterlagen des Lnjmsbeanltragten fur Schleswig- 
Holstein (Prof. Dr. ined. Albin Proppe) voll erfhllt wordi^n. Die Abb. 3 zeigt, dass 
die Altersverteilungen d(‘s Erkrankimgsbeginns in den betraclit(»t(‘n Stiehjahren 
1931/35 und 1948/52 verscljieden ausgefallen sind. Die Abbildungeii 4 iind 5 demon- 
strieren die jeweiligc* Cbereinstirninung mit dvr zugeh()rig(*n Altersverteilung der 
l^evcilkerung. Eine Reziehung der Lupusentsb^hung zuni (ieneralisationsstadium der 
tuberkuldsen Infektion ist damil niir noch .schwer V'orst* Ubar. 
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SOME EXPERIENCE WITH DIETHYL DITHIOLISOPHTHALATE 
(ETISUL), A PERCUTANEOUS ANTITUBERCULOSIS AGENT 

CECIL VV. MARSI>KN 

Thornyholme Drive, Knutsford, Cheshire (Great Britain) 


A symposium on the treatment of lupus vulgaris in the Memorial ('ongress to Niels 
Finsen indicates the importance of his contribution to the treatmcait of this disease. 

In England, during the last 13 years the approach has become increasingly a 
chemotherapeutic one. Dermatologists there have now had the opportunity to asse.ss 
the successes and practical disadvantages of such agents as calciferol, i.sonicotinic 
acid hydrazide and /(-aminosalicylic acid. 

Today 1 wish to record our experience with a new chemical which is administered 
percutancously by inunction. 

Our attention was drawn to dic'thyl dithiolisophthalate (Ditiphol, Ktisiil — I.C.I.) 
through its advent as a new weapon in Leprosy. Since the war with the increctsing 
travel facilities, and at the same, time the return of many British citizens consequent 
upon the granting of Independence to large areas of the Commonwealth, there has 
developed a small nucleus of cases of leprosy at certain clinics in the British Isles. 
Whilst discussing the treatment of one such case at the Manchester and Salford 
Hospital for Skin Diseases, Etisul or to give it its full name Diethyl ilithiolisophthalate 
was mentioned, and it was remarked that much of tin; research work on the chemical 
had been carried out ou tuberculous infections in animals. This is of course necessitates! 
by the fact that it is impossible to provitle a suitable inlcction with the bacillus leprae. 

Very promising results had been .seen with tuberculous infections particuhu’ly in 
mice (Davies and Driver’), where the effect of Etisul was comparable to that of i.sonic- 
otinic acid hydrazide or streptomycin. It was less active than INH in the guinea pig 
(Davies and Driver i). 

It would thus seem reasonable to apply these; observations to the treatment of 
tuberculosis in man, particularly of the skin. Dr. Coburn and I therefore began a 
clinical trial in which cases of lupus vulgaris were treated by inunction of Etisul 
imploying 5 g of the ointment twice weekly. This is rather a small dose, and our aim 
in later cases has been to increase it to 5 g daily. A preliminary report of our findings, 
and a brief account of the chemistry has been published in May of this year (Coburn 
and Marsden’*). Today I would like to sjieak about our further experiences with 
Etisul. 

We have commenced treatment in 17 cases, two of which have been excluded, and 
this report is therefore based on a total of 15 cases. 
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CASE NOTES 

Case I 

t . Age 59 ypars. Attended since 1934 with lupus vulgaris of right and left checks. 
Local therapy,* caustic agents, Kromayer lamp. Calciferol 9, 15, and 9 months courses. 
l.N.H. 5 years continuously. Condition before present tn^atment : Scars on both cheeks 
with a few active nodules. E.T.I.F.* 7 months. E.T.I.F. with l.N.H. 8 months. 
Result : Clearing of active nodules in scar. 

Case 2 

M. Age 75 years. Extensive lupus vulgaris of face and trunk of (>5 years duration. 
I.ocal therapy: caustic agents and X-rays 55 years ago. No further treatment until 
March 1059 - I-N.H. 100 MGM. x 3 daily for 5 weeks with little change. E.T.l.P. 7 
months with marked improvement. Now on l.N.H. whilst receiving plastic surgery 
for lym])hoedema of thr. right cheek. 

('asc 3 

M. Age 54 years. Attended since 193(1 with lupus \ ulgaris of tlie nose, clu^eks, and 
fondiead. Local therapy; caustic agents, Kromayer lamp. Calciferol 18, 9, and 6 
month courses. l.N.H. 24 and 21 month courses. Condition before present treatment; 
Still active nodul(*s pa«*t;icii 1 arly on the forehead. E.T.l.P. 7 months. E.T.l.P. with 
l.N.H. 7 months. Result; Improvement. This patient complained of erythema aftcT 
inunction wlum treated for 8 months, but patch tests W(!re negatives and treatment was 
continued without furtluT trouble. The lip of the nose has been removed surgically for 
carcinomatous change' in the .scar. 

('use 4 

V. Ag(‘ 41 years. Lupus vulgaris of right side of forehead of 5 yt^ars duration. No 
treatment. E.T.l.P. 10 months. Result: Considerable improv’cmcnt particularly in the 
early stages. 'I'his patient al.so complained of erythema after inunction but continued 
treatment witlmut any increa.se in this symptom. In Maj i(/)0 it was ih.ought clinically 
that some new nodules had apjieared in the right upper eyelid, ana vreatmiait with 
E.T.l.P. was discontiniu'd. She has not been included in the ca.ses showing benefit. 

('ase 5 

E. Age ()8 years. Attended since 1941 with lupus vulgaris of tin* right thigh. Local 
treatment; Kromayer lamp. X-ray therapy. Calciferol 4 and 6 month courses. l.N.H. 
and P.A.S. for 2 years continuously. Condition befon* present treatment : Still active 
nodules in scar. E.T.l.P. 8 months. Result: No benefit. Complained of erythema after 
inunction but patch le.sts negative. 

(\isc 6 

F. Age 58 years. Attended since 1934 with lupus vulgaris of the upper lip and right 
cheek. Local therapy; caustic agents and Kromayer lamp. Calciferol 24, 18, 6, 12, and 
9 mimth cours(;s. l.N.H. 5 years continuously. Condition before present treatment: 

* Iv.T.l.lL “ICtisul” Imperial ( hcmical hulustrics, IMisirmaceuticals Division, Manchester 
(England). 
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Srar with active nodules on right cheek. E.T.I.P. lo months. Result: No benefit. In 
May i960 new nodules were seen in the scar on the left cheek and treatment with 
E.T.I.P. discontinued. 

Case 7 

F. Age 45 years. Attended since 1946 with lupus vulgaris of the right thigh. 
Calciferol 15 months. I.N.H. i year, and 6 months courses. Condition before present 
treatment: Still active nodules in scar. E.T.I.P. 4 weeks, after which tlu; patient 
objected strongly to the unpleasant smell of the treatment and refused to continue. 
Result: Refused treatment. 

Case 8 

F. Age 33 years. Lupus vulgaris of the forehead of i years duration. The only 
patient in the series with pulmonaiy' tuberculosis which had been trt'ated with 
Streptomycin, I.N.H. and P.A.S. and was now (juiescent. E.T.I.P. 7 months. Result: 
Considerable improvement in the first 3-4 months, then little change. E.T.I.P. with 
I.N.H. 6 months. Re.sult: Further improvTment. 

Case 9 

F. Age 45 years. Attended irregularly since 1921 with lupus vulgaris of the nose and 
cheeks. Local therapy; Caustic agents, Kroinayer lamp. Calcifeiol 24 months 
attended irregularly. I.N.H. i year — attended irregularly. Condition before ])resent 
treatment: Scar with active nodules. E.T.I.P. started but patient defaulted and has 
not attended again. Result: Defaulted. 

Case 10 

F. Age 59 years. Attended since 1936 with lupus vulgaris of the right side of the 
neck. Local treatment; caustic agents, Kromayer lamp. X-rays. Calciferol 12 and 
36 months. I.N.H. 9 and 4 months. Condition before present tieatment: Scar with 
active nodules. E.T.I.P. 2 weeks following which an eczematous reaction developed 
in the treated area. Result: Secondary sensitization. 

Case II 

F. Age 61 years. Lupus vulgaris of the left arm ol f 5 years duration. Local treatment ; 
Kromayer lamp for 5 years with improvement, but relapsed 8 years ago, and has had 
no treatment since. E.T.I.P. 9 months. Result: Improvement. Patient complained 
of erythema after inunction at one period, but continued without further trouble. 

Case 12 

M. Age 48 years. Lupus vulgaris of the right ankle of 40 years duration. No previous 
treatment. E.T.I.P. 2 weeks after which an eczematous reaction developt*d. Patch 
tests to ointment and pure E.T.I.P. positive. 

Case 13 

F. Age 71 years. Lupus vulgaris of the right cheek of over 28-years duration. No 
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treatment for over 20 years. E. l.I.P. 2 weeks after which an eczematous reaction 
developed. Patch tests to ointment and pure E.T. I.P. strongly positive. Re.sult: 
Secondary sensitization. 

Case 14 

h. Age 38 years. Lupus vulgaris of the lobe of the right ear of 15 years duration. 
I.N.H. said to cause vomiting. E.T.I.P. 2 months. E.T.I.P. with I.N.H. 4 months. 
Result: No improvement. 

('use 7 5 

F. Age 47 years. Lupus vulgaris of the right side' of the neck of 30 ytMrs duration. 
I.N.H. f) months but defaulted, ('ondition before present treatment: Scar with many 
active nodules. E.T.I.P. with I.N.H. 3 months. Result: No improvement. 

Case 16 

V. Age 67 years. Attended since 1947 lupus vulgaris of tlu‘ l(*ft ear. Calciferol 
15 and 9 month courses. I.N.H. 2 months --- (lefaulti‘d. Condition before present 
treatment: No treatment for 5 years. Still active nodules lower margin of the left ear. 
E.T.I.P. with I.N.H. 2 months. Result: Some improvcTiumt. 

<* 

('ase ly 

F. Age 57 y(‘ars. Lupus vulgaris of tlu' right side of tlu' neck of 43 y«'ars duration. 
No treatuK'nt for 12 years. E.T.I.P. with l.N. II. 2 months. Result ‘.Some improvement. 

HISTOLOGY 

The micro photographs an- from Case 2, tlu^ biopsii‘s being taken from adjacent areas 
on the back. Hefore treatment under the low power shows a wc'll markc'd tuberculoid 
granuloma with giant colls. After treatment the whole picture is much less active, and 
the giant cells are few in number, and not clearly defined. 

Under high power this alteration in tin? giant cells is well seen, iiid also a foamy 
apjiearanci' in the cytoplasm. This can also be .seen in some of the (ipiihelioid cells. 


CC).MMENT 

One case (9) defaulted and another 7 refused tocontimu’ treatment. These cases have 
been excluded. 

I should mention here that although EtLsul has a most unpleasant smell, the 
effect of this can be mitigated by care in the method of inunc'tion. 1 his .should b(' carried 
out for 10 or 20 min, after which time the active principle will have penetrated the 
epidermis, and th(‘ residue of magne.sium stearate and p('rfume can then b(^ washed 
off. 'I'here will be a smell somewhat similar to garlic the expired breath, due to the 
excretion of ethyl mercaptan, but this is not oflensive to the patient, and if a suitable 
time of the day is chosen need not offend others since it only persists for about an hour. 

The greatest care must be taken to avoid soiling the clothing. Most complaints arc 
about the smell when this is laundered. It is due to the action of soap on Ktisul 
with the formation of a most unpleasant compound. It can be prevented by washing 
the clothing in a non-ionic detergent. 
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Of the 15 cases remaining in the trial 5 (Cases i, 2, 3, 4, and 8) showed improvement 
with Etisnl alone for periods of 3 months or over. In case 4 however after 10 months 
treatment new nodules appeared and treatment had to be discontinued. 

Spread of the lupus was also seen in Case 6 after 10 months inunction. This case had 
shown no clinical improvement. Resistance to Etisul after a period of treatment has 
been described in Leprosy (Davey®) and it would seem probable that a similar state of 
affairs could occur in tuberculosis. To reduce the risk of this, combined therapy as 
carried out in tuberculosis of other organs would seem the most reasonable approach. 
Coburn and I had in fact suggested this in our preliminary Communication. 

Four cases have now been treated with combined therapy, Etisul by inunction and 
isonicotinic acid hydrazide by mouth. Three have shown improvement (Cases ii, 16, 
and 17) although the period of treatment is very short in the last two cases (4 and 
6 weeks). One case (15) has shown no improvement after 7 weeks inunction. 

Thus the results so far show improvement in 7 ca.ses and no improvement in 3, 
spread of the lupus having occurred in 2 cases after 10 months treatnumt. 

Toxic effects 

Apart from the unpleasant smell, (erythema following inunction is a not unt'ommon 
finding. It was a cause of complaint in four cases, and others admitted to noticing 
it when questioned. In one of tln^se patients patch tests w(^re carri(‘d out with ruigative 
results. All continued treatment without untoward effect. 

In three cases however an eczematous reaction occurred (to, 12, and 13), in ea('li 
case 2 to 3 weeks after commencing treatment. This was discontinued at once, and 
patch tests showed a sensitization to Etisul in the two cases in which it was carried out. 

CONCI.IISIONS 

This is a short account of our clinical impressions of a luiw chemical with an action 
against the tubercle bacillus. In new cases U would seem advisable to combiner its use 
with isonicotinic acid hydrazide by mouth. I think one of its most inten^sting 
possibilities lies in the effect bn nodules fixed in the scar in cases which have received 
previous chemothera])y. The rath(*r high incidence* of .sensitization in the white skin 
races is disappointing. 
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* J. G. Com^RN ANii C. \V. Marsden, Pi'll. J. Uermatl., 72 (i9(>o) 192. 

® T. F. D.wky, Leprosy Rev., 30 (1959) Oi. 
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THE EPIDEMIOLOCiY AND THE NATURAL HISTORY OF LUPUS 
VUI.GARIS CUTIS IN DENMARK 1895-1954* 

OLE UOKVVITZ 

Denna/ologiciil Department** ^ ^'he Finsen Institute, Copenhagen (Denmark) 


Luf)iis vulgaris of the skin is a tuberculous disi^asi' of world-wide occurreiici*. Precise 
accounts of the morbidity of the disease? have so far been lacking. In many countries, 
how('V(M*, the incidence and pri'valence of active rases may be regardi»d as consider- 
able. For this reason, and in vit'w of the fact that the tulx'rculou*. infection often runs 
a serious course in patients with lupus, the disease is of importance in the fight against 
tuberculosis. 

During the years- 184)5-1(954 a total of 3,902 patii'iits with lupus vulgaris of the skin 
was admitted to the Finsen Institute, CojH'nhagen, Denmark. In contrast to other 
series published on this disease, the present matcTial was found adequate' for an 
elucidation of the epidemiology of tlu' disease, as well as for th(' natural history of and 
the clinical (characteristics in the disease. The rt'asc'n for this is that the material 
satisfies a number of es.sential reciuirements: c.g., that the diagnosis was certain, that 
the material was represent at iv^e of lupus for all Denmark, and that it was possible to 
carry out extc'iisive comparisons with the general population. It was of particular 
imi)orlan('e that a comparLson with the ('pidemiolog\' of other forms of tuberculosis 
has been possible throughout the eiitiri' period. 

I'lu? main results of the study have been the following: 

(ienerally speaking, tlu' incidence of lupus follow(‘d that oi other lorins of tubercu- 
losis, both in time trends, geographic distributions and age patterns. I he incidence 
in w'omen was 2.4 times that in men. The dis(ias(' was caused by both the human and 
bovine types of tubercle bacillus. Most often the human type was demon.'^trated ; 
however an exact ('\'aIuation of the significaiKH' of the bos ine tuberculosis for the 
lupus morbidity could not b(» made from the present material. 

When lupus w'as the .sole tuberculous disease, the mortality among the patients 
corresponded to that of the general iK)i)ulation, but if another tiibeir.ulous disease W'as 
present which was the case in 75 '*o p<dients- - the mortality increa.sed. It 

was much higher with the occurrence? of respiratcjry tuberculosis, which was present 
in of the patients. Tuberculous disea.ses wc*rt' a lar more frequent cause of death 
among the j)atu'nts than among tin? general pojmlation. 'I'he incidence of other forms 
of tuberculous disease was high also among lupus patients who did not die. Often, 
several organs were affected, or there were multiple affections within the same organ 

* This study was supported by a grant from the Aagc Bangs Fond. Denmark. 

** Head: Pout V. Marcussen, M.D. 
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system \n interesting observation was that other tuberculous diseases were frequent 
also among those in whom lupus was the first tuberculous manifestation. 

The incidence of other tuberculoiis diseases was high among persons who had or 
had had lupus. This is of practical significance for the treatment of the patients and 
in the tuberculosis eradication programmes, where it is important to know which 
groups carry a higher risk than the general population. The high incidence mentioned 
also shows that lupus patients are not protected, “immunized”, against other fonns 
of tuberculous disease. 
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LUPUS vul(;akis 

I’ori. V. MAK( I SSKN 
/ he h'jnscii lnshlttte,Copt'nhaf*L'n (Dcnmuik) 


Tlie total outcoino of troatniont of viib^aris witli calciferol is ({iven in Table 1 . 


TAHIJi I 

KESUI/r AFTER I()-VUARS OHSKRVATION (»F 2 10 PXTJFN'IS SYMPTOM FRKK AFTER TREATMENT WITH 
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Till* pati(*nts liavu beon under close permanent control and the symptoin-fnM' period 
has l)een registeri'd. Aft(T 5 velars obscTvalion of the total of relapses in the 
period of ten years had occairred. 5 years has been used as tlu' obsiTx ation time in the 
following experiments. The results of treatment with increasing doses of INH are 
giv(in in Table II. 
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A total dose of 120 gram INK was sufficient to make 94.7";, of the patients symp- 
tom-free over a period of 5 j’cais. The addition of PAS had no influence on the final 
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outcome (Table III) but PAS is now used in the routine treatment to prevent bacterial 
resistance of tubercle bacilli in internal organs. 


TABLE 111 

INFLUKNCK OF ADDITION OF PAS 


INH 

total Jose 
S 

(jo 
120 

40 


JNIi 300 mg a day 
and PAS 14 g a day 
i urc 
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2(> 

1 

10 


3b 

I 


INH joo mg a day 
cure 

» 

> > 


61 
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Streptomycin lias not been used, partly for theoretical reasons, partly because of 
the cage of the treated group. The outcome of the treatment of ibO consocutiv(' cas.^s 
is given in Table IV. 

TABI.K IV 

OUTl’OMK OF TRKVTMKNT OF I()6 CASKS 

Symptom-free after 5 yi‘ars of obscTvation 
Symptom-freii but observed less than 5 \T‘ars 
Resistant 


20 


Chemotherapy in the cited doses is tlius superior to i^arlitT mtithods. The Finsen 
treatment will be used in the few cases which become resistant to INH 2 such cases 
have been noted. 
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SOME D1S11NG131SHING VEATURES Ob' THE INITIATION OF 
HIOLOGICAL DAMAGE BY PHOTON AND IONISING RADIATION 

L. H. (;ray 

British Em [y ire Cancer Campaign Rescan h Cnit in Radinhiolngy, 

Momii Vernon Hospital, .Vorthwood, Middlesex (Great-Bntain) 


I speak witJi cliffidt‘nce, since I am not a photobiologist but a radiobiologist eager to 
learn from otluu- participants about the response of living ('ells to visible and ultra- 
violet light. I have a number of (jiu^stions to ask ; and 1 shall indulge in a little specu- 
lation, in the hope that it will draw comments trom those bett(T informed than 1 am. 

Let us consider first sonu^ of the similarities betvvcu'n tin* respon..e of cells to ionising 
radiation and to photon radiation. 

Ionising radiation js rather unspcrific and unselectiv(‘ in its effects on molecules of 
all kinds, and we Have to leeognise at the outs(‘t that many ('haracteristic features of 
the response of living cells to ionising radiations are an ex])ression of the way cells are 
organised ; in particular, of the uni(iueness of the DNA-protein molecules which com- 
])ose the genome, and possible uniciueness of certain RN A-prot(iin inoIecul(\s involved 
in gene reproduction. If th(‘ .same small proportion of the molecules of each class is 
destroyed indiscriminately, the loss of those which occur in high multiplicity will 
not be noticed, and the observed response will be tracc'able to those which are unique. 
Thus, it comes about that, as a result of expo.sure to ionising radiation, not only gene 
mutation, but loss of infectivity in viruses and micro-organisms, and loss of prolifera- 
tive capacity in cells of higher jdants and animals, friMiuently e^'liibit dose-response 
ri'lations which indicate that t^e effect is traceable to a chemical t l.ango initiated by 
one or by two ioni.sing particles. 

Photons, unlike ionising radiation, are selectivc^ly absorbed in certain molticular 
configurations. By choosing tho.se photon energies in the U.V. which are strongly 
absorbed in the unicjuc'ly important nuclcoprotein molecules or by adsorbing on to 
the nucleic acid component of tlu^se molecules a dye such as acridine orange, and 
(‘xposing the cell to photons .selectively absorbed by the dye - a large proportion of 
the photon energy may be canalisi’d on to the nuclcoprotein. When this is done dose- 
response curves are observed for mutation, and for loss of rej^roductivtj integrity, 
which resemblti those for ionising radiation, and indicate that the response is initiated 
by the absorption of i, 2, or at most a few photons. 

In order to discover the nature of the initiating events in any given case, we have to 
observe* the manner in which the physical and chemical environment of the cell at the 
time of irradiation modifies the biological response, and compare these observations 
with those made on inanimate systems which are more amenable to chemical analysis. 
Here again, however, tlie organisation of the living cell, with its inherent capacity 
for "recovery*' - either by repair or substitution — even in relation to gene mutation 
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— makes itself evident. This is true of both radiobiological and photobiological damage. 

In radiobiologj’ we have been able, for some years, to recognise two distinguishable 
ways in which environment during, or immediately following irradiation may modify 
biological re.sponse. One of these is essentially chemical and closely follows inanimate 
systems, while the other involves cellular metabolism. No doubt both classes of 
environmental influence exist also in photobiology, but the metabolic is the more 
obx ious; indeed, comparable post-irradiation treatments, e.g. inhibition of protein 
synthesis, seem generally to reduce genetic damage induced by U.V. light more 
drastically than they reduce the same damage induced by ionising radiation. 

The brilliant work of Witkin*, four years ago initiated a train of investigations 
which appear to have established three stages in ultraviolet mutagenesis : 

(j) A chemical change (promutation) resulting directly from tlu* absorption of the 
U.V. photon. 

(2) Stabilisation of this change .igainst decay, by a process dependent on protein 
synthesis and hence on the availability of amino acids. 

(3) Further metabolic steps w'hereby the promutation becomes converted into a 
permanent functional mutant entity in the genome. 

Doudney and Haas^-s have concluded that the initial change is not in the material 
of the genome itself, but in an RNA precursor, present in tla* cell at the time of irra- 
diation. This interpretation still awaits confirmation. 

Our knowledge of the initiation of mutation by ionising radiation is advancing along 
similar lines, but is, as yet, more hazy than the picture which I have just presented of 
mutation induction by ultraviolet light. 

Having in mind these ways in which biological organisation im])oses certain com- 
•non features on the response of cells to all types of radiation, we may consider some 
of the characteristic differences between damage initiated by the different types of 
radiation -- divided broadly into “ionising radiation”, “ultraviolet light*’ and 
“visible light”. 

It is of interest first to CQjnpare the twd extremes — visible light and ionising 
radiation. 

Red light used in photosynthesis transfers to tlu; rgc(!ptor mokuniles about t.8 eV 
in a single act of absorption. 

The visual sensation of green light starts with the transfer of 2.5 eV, in a single act, 
to the retina. As against this, a single energy transfer from a fast ionising particle to a 
macromolecule is most frequently around 100 eV. 

At first glance one is inclined to say that the low energy quanta are phj'siologically 
useful to the cell (indeed, essential to life) whereas the larger quanta are inherently 
damaging — with the dividing line set at about 4 eV {i.e. in the U.V.) Closer exami- 
nation of the facts, however, reveals that the distinction between constructive and 
destructive effects is not simply a matter of quantum energy. On the one hand 
ionising radiation can give rise to ordinary physiological stimuli. For example, a dose 
of less than i R has been observed by Lipelz* to give a i^rceptible signal on an ele<?tro- 
retinogram of the frog, and a minute X-ray dose of i mR given in a single flash is 
reported to produce the sensation of vision in the human dark adapted eye’. Another 
example is provided by the water beetle Daphnia magna which changes its swimming 
habit in response to a flash of X-rays — an effect which was traced by Baylor and 
Smith* to the stimulation of the nauplius eye of this animal. 
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Hug and others have recently become much interested in this branch of radio- 
biology and have added many interesting examples of physiological stimulation®. 

On the other hand, visible light may be very dfimaging — witness the many well 
known examples of pliotodynamic action, and the recent work of Kihlmanio.^i on the 
induction of chromosome structural damage by visible light (2.3-2. 8 eV) acting on 
root tip cells in which acridine orange had been adsorbe^d onto the nucleic acids. All 
the well known types of chromosome stnuTural damage arc produced, including 
chromatid breaks, isolocus breaks and exchanges. 

I do not find it too surprising that ionising radiation should be able to stimulate the 
retina of man and frog, and the nauplius eye of Daphnia. This latter effect can also be 
brought about by reducing dyes, and it is well known that, through the decomposition 
of water, ionising radiation can reversibly reduce dyes such as methylene bluets. The 
retina, in fact, could present an ideal radiation detc'ctor, sinc'e the optic nerve is 
stimulated by an excitation or chemical change in a \’ery small number out of a large 
array of identical pigment molecules. If the excitation is on(‘ that can bt‘ produced 
by ionising radiation, then stimulation should occur (accompanied by changes of a 
destructive nature in other pigment molecules, which go undetected) when the retina 
is exposed to quite low doses. 

1 find the damaging effect of visible light — especially the production of chromo- 
some structural damJi^e — more interesting. Cells habitually exposixl to visible light 
have evolv(xl a mexms of protecting thems<‘lves against this potentially damaging 
agent, or even harn(‘ssing the energy. Tlu‘ chloroplast and the retina are evidently 
v<Ty elaborate di'vices. TIutc may b(i other simpler ones. It has, for example, been 
suggested that pigmented bacteria an^ protect'd* by an intimate association betweem 
the pigment moleciiU^s and caratenoids or other conjugated double bond structures, 
which drain away the energy harmlessly. Kadiobiology has surely much to learn from 
tlu*se branches of photobiology. 

'Fhe remainder of my remarks will be concerncKl with the effects of ultraviolet light, 
compared on the one hand with those of vi.siblc light, and on tl.»., »)ther with those 
of ionising radiation. 

h>om the standpoint of interpretation, studies with ultraviolet light offer the great 
advantage over those with ionising radiation that by means of “action spectra” it is 
possible, for any gi\'en type of biological response, to specify the kind of molecule in 
which the significant energy is primarily absorbi'd. By this test some forms of U.V. 
damag(j are seen to arise mainly from energy absorbed in protein, and others from 
energy absorbed in RNA, DNA, or niicleotid(\s. \V(? shall consider the latter forms of 
damage which include mutation, chromosome structural damage, and loss of repro- 
ductive integrity in viruses, bacteria and the proliferative cells of higher plants and 
atiimuls. 

Initiation of these forms of damage by U.V. and ic. ising ladiation differs outstand- 
ingly in two respects: 

(j) As induced by ultraviolet light they are. in many instances, partially restorable 
by subsequent exposure to visible light. As far as 1 know, this has never been observed 
when the same forms of damage are initiated by ioni.sing radiation. 

Photorestoration of U.V. damage, which has been excellently reviewed by Jagger^a, 
will, no doubt, be fully treated by other speakers. I wish only to remark on one fac 
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which mt';rests and puzzles me very much, namely that I have never found in the 
literature any reference to photorestoration of chromosome structural damage in- 
duced by ultiaviolet light, although this shows a "nucleic acid" type of action 
spectrum. Kirby-Smith and Craig^^ looked for it in irradiated dry pollen of Trades- 
cantia, and failed to find it. I would be very glad to know of other e.xperimental data 
on this point. 

(2) The second difference concerns the participation of oxygen in the act of ini- 
tiation which is .so characteristic of ionising radiation. The forms of damage which we 
are considering arc apparently induced by ultraviolet light to the same extent, whether 
oxygen is present or absent at the time of irradiation. This is indicated by a minus 
sign in the Table in the position corresponding to biological damage induced by U.V. 
It will be seen that chemical reaction induced by all forms of radiation (ionising, U.V. 
and visible) are frequently oxygen sensitive. Quite recently Alexander and Moro.soni3 
reported that changes in dilute solutions of salmon sperm DNA, as judged both by 
intrinsic viscosity and average molecular weight, were strongly oxygen dependent 
when induced by ultraviolet light. 

The lack of oxygen dependence for biological damage* in(luct;d by ultraviolet light 
surprises me, not only because many photochemical reactions are greatly influenced 
by the presence of oxygen, but also btxause many authors beliex’e that peroxides are 
intermediates (in some cases at least) in the induction of mutation by ultraviolet light. 

All forms of damage under consideration, including some 8 or () reverse mutations, 
are known to be oxygen sensitive when induced by ionising radiation. One of these 
mutations is to purine independence in E. coli B/r the others are reversed mutations 
to grow’th factor independence in yeast”. 'I'he ap])arent absence of oxygen depend- 
ence for damage induced by ultraviolet light surprised me* so much that I asked my 
colleagues Or. Dewey and Dr. Boag to carry out some experiments on the U.V. 
inactivation of bacteria (Senalia marccscens) in the presence of oxygen at loo'atmos- 
pheres. The experiments are not complete, but no oxygen effect has been observed, 
and the indications are that none exists at tins pressure. 
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F.FFECT OF OXYGEN ON 

CHEMIC AL AND BIOLOGIC-AL 

RESPONSE TO RADIATION 

Chemual response 

Type of radmlwn 

lihloRual response 

— (lo mmolcs/l)» 

1 (400 innitdcs/l)' 

(680 atm) 

.K-radiation 
* (5 Ai;/ioo cA )»» 

(1 inmoIc\s/l) 

1- 

I’roton radial if 111 
(50 XVlioo 

-f 

+ 

X and y-railiation 
(I'p to 5000 K\' 1 100 v\-)^ 

1- (4 /imolc‘s/1) 

■i 

l.Ulraviolc‘1 light 


1 

Visible light 

Photodynamic -f 
Acridine orange 


• (Concentration of dissolved oxygen. 

** Path length for dissipation of loo eV. 
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In trying oxygen at 100 atmospheres I had in mind the possibility that the biologi- 
cally important intermediates formed by ultraviolet light might, for one reason or 
another, have much shorter lifetimes than those formed by ionising radiation. The 
pressure at which oxygen can participate is inv'ersely related to the lifetime of the 
species with which it reacts. This is well illustrated by the top lino of Table I. 
H-atoms are formed very close together along the track of an \-particle in water, and on 
this account would be expected to have a veiy short lifi'time. C orrespondingly, *in 
influence of oxygen on a chemical reaction induced by A-radiation was not observed 
till quite recently — and then only by the use of oxvgen at 940 atmos])heres'**. 
Biological effects of cx-radiation appear not to have been tested at oxygc'ii prc'ssures 
above i atmosphere. 

Evidently those intermediates formed by ultraviolet light and \-radiation which 
give rise to biologically important reactions, either do not recpiin* oxygen to become 
toxic, or an‘ of such short lifetime that oxygen cannot compete at tlui pressures so 
far tested. 

'Fhe “non-conformity" of ullraviolet light remains something of a mystery (to me) 
and I should like to conclude with a little spc^culation which might serve to bring these 
two remarkable h'atures of the initiation of biologic al damage by ulu aviolet light into 
relation with three other experimental observations. 

I. That when biologji(;al effects which show a “tiucIcmc acid" type of action spcx'trum 
are considered, and^liariiage induc(*d by ultraviolet light i)liotons of maximum edfi- 
cicTicy is comi)ared with that induced by ionising radiation on the basis of energy 
absorbed per g of nucleic acid, then broadly sj)C‘aking ultraviolet light is: 

(a) Considerably lc?ss efficient than ionising radiation in inactivating transforming 
principle^**, and inactivating bacteriophages^ *^-‘^** T2, S13 and 0X174, in inducing 
lysogcniy in h\ coli K12 (A)-* and in inducing mutations in microorganisms. 

(b) Very much less efficii nt in destroying the n*])roductiv(» integrity of mammalian 
('ells‘-“ (dose ratio 20,000 : i). 

(c) Extremely inefficient in producing cdiromosome struc tural damage^^'-- (clc^se 
ratio 2 million : i). 

'I'hc'sc* statements are to he understood in a cjualitative rathc'i than a strictly 
(|uantitative sense, espcxially that rc^garding mutagenesis. As far as I am aware 
mutation induction in phage and bacteria has always been obsei vX'd to vary as thc^ 
first power of the dexse in the case of ionising radiation, and as a higher powcu* of the 
close (at low doses) with ultraviolet light. At higher U.V. dosc.*s a “saturation* effc*ct 
usually sets in. No single figure for the' relative biological efficiency of the two radia- 
tions can therc*fc;)rc* be given. However, the fact that at the dose le'^els of U.VC and 
ionising radiation commonly employed, a given yield of mutations per survivor is 
obtained whem the U.V. dose (ergs/g) to nucleic acid is ten timers the X-ray dose, 
contrasts strikingly with the; ratio of 20,000 : i for Icxss of rc^productivc* integrity by 
HeLa cells (whcTe the kinetics of inactivation are ess*, ntially the same foi both radia- 
ticjns) and about 2 million : i for the production of breaks in 7 rad:scantia chromo- 
somes. 

II. 'J'he second is that when intact tobacco mosaic virus is inactivated by U.V. it is 
found not to be photoreacti vable ; but when the infc'ctive RNA of tobacco virus is 
inactivated ‘by U.V. it is photoreactivablc^-“. 

III. The third is an exception to the general rule that the effcx:ts of ionising radia- 
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tioii are f :i3^en dependent. Almost pure DNA in the form of transforming principle, 
and extracellular phage, exposed to ionising radiation do not show oxygen dependence 
except in the presence of high concentrations of — SH compounds (or cell debris). 

My .speculation is (j) that U.V. energy absorbed in simple nucleic acids or nucleo- 
tides is biologically efficient and photoreactivable ; and (2) that U.V. energy absorbed 
in nucleoprotein is biologically inefficient (po.«;sibly because the energy of excitation 
is almost immediately transferred from the nucleic acid to the protein'^®) and not 
photoreactivable: and (j) that nucleoprotein damage is generally o.xygcn dependent, 
whereas nucleic acid alone, whether excited by ultraviolet light or ionising radiation, 
is only oxygen dependent in special circumstances, at least with respect to forms of 
chemical change which are important for its own subsequent duplication. 

It is not hard to find apparent objections to this simple speculation, which .«hould 
not perhaps be taken too seriously. 

It may be noted, however, that 

(j) It accords with the photoreactivation of ultraviolet light induced (pro) mutii- 
tion if the Doudney and Haas hypothesis is correct. 

(2) It accords with the efficient induction of chromosome structural damage by 
visible light absorbed and transmitted to DNA by acridine orange, since the DNA 
combined with acridine orange presumably cannot also be in combination with protein. 
This inference seems justified by observations such as those of Oster-**, who found that 
whereas the fluorescence of dyes sxich as acridine orange is strongly quenched by 
dilute solutions of DNA, it is not ([ucmched by thymonucleohistone. 

(3) It is not at variance with the photorcactivation of irradiated phage since the 
DNA of extracellular phage is presumably compact, and not in the form of nucleo- 
protein. 
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Kacliation induces caA\ death by several different ineehanisnis. I'lie manner in which 
dccatli is induced and the syndromes associated with cell killing unquestionably 
change in type and fre(iui‘ncy from organism t(» organism, from tissue to tissue, from 
cell to cell. Also, ionizing and ultraviolet radiation induce a spectrum of biological 
effects usually differing in frequency, occasionally overlapping, and undoubtedly 
differing at the lowest level of biological amplification, that is, at the point of energy 
absorption. 

In assessing radiation effects on the nucleus we have usihI the haploid-diploid 
genetic system of the wasp Hahrohractm, and corroborated and extended this work 
with the fruit fly Drosofyhila. The value of the haploid ctdl li(‘s in its lack of two g(!netic 
complements which would buffer, co\'er, or alter the radiation effects. In Ilahrohracon, 
unf(Ttilize(l eggs develop into normal haploid males, and fertilized eggs develop into 
females. The study of irradiated, unf<Ttilized eggs can be combined with the study of 
irradiated eggs fertilized by unirradiated sperm to det(*ct different kinds of nuclear 
damage. “Damage” is used here in the sense of induction of death of the cell eitluT 
iminediaU‘ly after irradiation or after few or many mitoses have* occurred. 

MANIFKS’I ATION OF NIK LEAK l)AMA(iK 

Niicl<‘ar damage can be dixided into classics according to th(‘ various syndromes 
associated with death of the cell or embryo. Tlu^se are summarized in Fable I. That 
dominant h^thality*** is a complex of different radiation effects on the nucleus has 
been rc‘Cognized by geiuitic means in Habrohniciyn (Atwood ct alA) and Drosopliilu 
(Parker^). Cytological criteria have been estaldished which make possible a more 
accurate discrimination among cla.s.ses of lethality (Von Borstel and Rekernciver^; 
WJiiting ct «/.**). 

7 V/)c’ / 

Type-I lethality is exprc.ssed as a sharp depression of the rate of mitosis, with 
cessation after a few divisions. This is the most fn*quent type of dominant lethality 

* Nati< nal Scitnicc* Foundation l\)st<F)ctoral Fellow. 

♦* Oprrati'd by thcj Tnion C arbide Nuclear C'oinpany for the l-nitiid States Atomic Energy 
(oiniiiission .• 

*•* Dominant lethality is defined as miclc^ar damage of any extent that cannot be completely 
covt^red for at least one sexual generation by a normal nucleus. 
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TABLE I 


A SUMMARY O^- THE SYNDROMES AND PROBABLE DAMAGE SUSTAINED BY CELL NUCLEI FROM RADIATION 

see text for a complete description 


Nuclear Damage Syndromes 

Type J Death after one or a few nuclear divisions; syndromes Inhibition of mitosis 
vary from organism to organism. 


Basis 


Type TI Death after many nuclear divisions. In the wasp /fa- Loss of parts of chromo- 
hrobracon, characterized by death after blastoderm somes 
formation and before hatching in unfertilized eggs; 
death occurs predominantly after hatching in ferti- 
lized eggs. 


Type III Death after many nuclear divisions. Tn Hahrobraron Extensive loss of chromo- 
death occurs after blastoderm formation and before* somes or chromosome* 
hatching in unfertilized and fertilized eggs. parts. 


Type IV 


Death and pycnosis soon after irradiation — cliar- Diiknown, but possibly 
acteristic of certain cells only, e.g. lymphocytes, young inhibition (»f an «*nergy 
primary gametocytes, late gonial cells, and neuro- pathw'ay. 
blasts. (Possibly nuclear damage, but not established.) 


Type V 


Dominant lethality expn'ssed in eggs after irradiation 
in the gonial stage. In Habrobmeon, embryo dic's late 
in development. 'Khis type seems to be an enhance- 
ment of normal aging proces.ses. (Possibly niu:lt*ar 
damage, but not established.) 


Unknown, but possibly 
impairment of function of 
genes that operate during 
oocyte differentiation. 


induced in eggs or sperm of Ilatrohracon or Dmsop/iila by ionizing radiation (Von 
Borstel and Kckemeyer^; Von Borstel, unpublished), and in Hahrobracm gametes, 
at least, by nitrogen mustard (Von Borstel**). The syndromes associated with this 
very early death differ between Ilahrofjracon and Drosophila (Von Borstel**), and 
undoubtedly among other animals as well. For example, Brachet’ has describ(*d an 
interesting lethal .syndrome induced by nitrogen mustard in amphibian gametes, and 
Puck and Marcus" have described formation of giant ct'lls in irradiated tissue cultures. 
In Habrobracon, the Type-1 lethal syndrome is as.sociated with production of feulgen- 
negative nuclei. In Drosophila, the early death syndrome is chaiacterized by the pres- 
ence of several polyploid, disturbed, basket-.shaj)ed "metaphases” with chromosomes 
l 3 nng at random in the spindle (Von Borstel®-® ; Sonnenblick*®). 

It has been possible to demonstrate in Habrobracon that the Type-1 lethal .syndrome 
can be induced by agents that inhibit meiosis or mitosis (Von Borstel and Atwood, 
unpublished). Therefore, it can be concluded that depression of the rate of the mitoses 
following meiosis is a sufficient action of the radiation to. bring about the Tvix^-I 
lethality syndrome. Interestingly enough, the rate of meiosis is not depressed in 
Habrobracon by ionizing radiation. 

It has been known for years that mitosis can be slowed by ionizing or ultraviolet 
radiation (c/. Carlson^ ^); also, it has been shown that irradiated cells containing 
broken chromosomes divide much more slowly than irradiated cells that appear to 
have normal chromosomes (St. Amand*®). That mitosis is indeed inhibited by for- 
mation and, presumably, breakage of chromosome bridges without attendant irra- 
diation is demonstrable in Drosophila. By use of the tandem metacentric X-chromo- 
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,mo oi Isovitski and Lindsleyw where meiotic anaphase-U btidv^es arc Wed as a 
consequence oi cros^g over i^iovitskiu^ it was posvaUe to show tbai death occurs 
very early with the basket metaphasc’’ syndrome in tlic proportion of eggs expected 
to have a broken chromatid incorporated into the pronucleiis (Von Borstel«*»). 

In summary, it seems probable that Type-I dominant lethality induced by ionising 
radiation results from inhibition of mitosis caused for the most part by induction of 
bridges. 


Type II 

Typc-ll lethalit3' unfertilized eggs is expressed as death after blastoderm for- 
mation and before hatching. In X-irradiated eggs fertilized with a normal sperm, 
'1 \'pe-II lethality is primarily expressed as death of the embr^’o just prior to hatching 
and in the early larval stages after hatching although some do not die until the pupal 
stage of develojiment. How lethality manifests itself can be seen in Fig. la. 

It is observ<‘d in eggs irradiated in the first metajrhaso of meiosis. 


METAPHASf 1 



Kig. 1 . Frc’quonru'S ot death at different stages of devt'lopmc*nt of Habrobract. t fmbryos irradiated 
as oocytes in the first meiotic nu taphase aiul prophase. Solid ct^Iunins, unf<‘rlih 7 .(*d ; open columns, 
ft'rtilized with iinirradiat«Ml s]>erm. Numbers on the abscissii designate stages of ilevelopment 
Lines connect the bars for easv! in visualizing the fertilizatit)n-induceil delay in expression of death, 
especially in eggs irradiated in the first meiotic metaphase* (n.‘dr:iwn from \ on l^orstel and Rekc- 

me yer-^) . 


This type of lethality can be attributed to chromosome imbalance of limited extent, 
and it has been possible to mimic it b^' creating imbalance by means other than radi- 
ation (Von Borstel®; Von Borstel and Kekemeycr 3 ). For instance, chromosomal trans- 
locations were induced and then the offspring of translocation heterozygotes were 
scored. Of such offspring (depending upon tin* in dividual translocation), approxi- 
mately half have unbalanced chromosome complements consisting of a duplication in 
one chromosome arm and a deficiency in another. The duplication-deficiency pro- 
ducts of 27 different translocations have exhibited .syndromes identical to the fype-II 
lethality induced by radiation. Unfertilized, the embryos die after blastoderm for- 
mation arid before hatching; fertilized with normal spt;rm, death occurs later, pre- 
dominantly after hatching. 
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In svuiniary, it seems likely that Type-II dominant lethality is caused by radiation 
induction of slight chromosomal imbalances in the haploid genetic complement. 

Type HI 

Type-II I lethality is expressed as death after blastoderm formation and before 
hatching in both unfertilized eggs an<l eggs fertilized after irradiation. How this 
lethality manif<;sts itself can be seen in Fig. ib. It is observed in eggs irradiated in 
the first prophase of mciosis. 

Type-III lethality can be attributed to chromosomal imbalance of large extent. It 
has been possible to mimic Type-III lethality by construction of triploids. Most of the 
offspring of Ilalirohracon triploids can be considered to have extreme imbalance of 
their genetic complements. The normal haploid number of chromosomes is 10 and the 
diploid number is 20; the offspring of a Iriploid virgin would have a chromosomal 
number anywhere between 10 and 20 with the mode probably being around 15. 
Embryos chromosomally imlialaneed to this degree usually die after blastoderm 
formation and before hatching. Fertilization with normal sperm still r(;.sults in an 
abnormal chromosome complement, though more balancc'd, but stilt only a f("v rer- 
cent survive to post hatching periods of development. Most of the inviable offspring 
from Drosophila triploids and translocation heterozygotes also die after blastodt.i u 
formation and before hatching (Von Borstel and Rekemeyer’). 

In summary, it is likely that the Type-III dominant lethal syndrome induced by 
ionizing radiation in meiotic prophase-I is also caused by chromosome imbalat.ee 
phenomena, though probably of larger extent than that induced in meiotic m('taphase-l . 

"ype IV 

TyjK*-IV lethality appears to be associated with cells that are often alleged to be, 
and in some cases actually may be, the most sensitive to radiation of all types of cells. 
Killing, as characterized by pycnotic appearance of the cell nucleus, is rapid, and 
occurs among non-dividing cells. Thus, the manner of killing is such that mitotic 
inhibition would seem to be ruhnl out as the primary radiation effect Similarly, tlu* 
chromosomal complement, even if broken or rearranged, r(*mains balanced since 
nuclear divisions are needed to upset gene bahuu'e. Some of the cells which appear to 
be subject to T\’pt;-IV lcthalit\' are: in mammals, lymphocytes (Trow'ell'*), Type-B 
spermatogonia (Oakberg*®), neuroblast cells (Hicks^^), and young primary oocytes 
(Oakberg’®); in insects, young primary oocytes (Whiting"*; (irosch and Sullivan^®) 
and young ganglion cells (Gaulden, pers. comm.). 

It has been suggested that the* rapidity of death of these cells must be caused by 
inhibition of an immediate \'ital process, such as that of an energy pathway (L, S. 
Kelly, pers. comm.). The research of Creasy and Stocken®' would indicate that .such 
damage' may indeed be primary, but their work needs to be repeated and extende'd. 
A good clue to the nature of Type-IV lethality is inherent in the “rejoining .system” of 
Wolff and Luippold^s which is sensitive to radiation. Wolff®® has shown, at boo R, that 
at least two hours elapse before broken chromosomes rejoin ; when the cell is irradiated 
at the same do,se and is in a state of chemically induced anoxia, rejoining occurs 
within one hour. This is consistent with the expectation that a dose-effect relation 
exists in the “rejoining system”. Sobels®* has shown, following post- irradiation treat- 
ment with hydrocyanic acid, that genic mutations occur at higher frequency with 
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high intensities of radicition than after low intensities, ov than after either low or high 
intensities without post treatment, indicating that WoUi’s and Luippold’s system is 
not restricted to broken chromosomes alone. It seems possible that the radiation- 
sensitive * ‘rejoining system” could be the crucial element for cell viability in cells that 
exhibit the lype-IV lethality. Consistent with this explanation, (irosch^® (and pers. 
comm.), to study Type-IV killing in young oocytes of Ilahrohracon, has used the 
sensitive fractionation procedure devised for ]^ina chromosomes bv Wolff and 
Atwood-®. Grosch finds that young oocytes arc subject lo a small repair and oogonia 
are subject to a large repair when the do.se is fractionated. 

A study of the biochemical basis for 'Fype-IV killing is needed to gain an under- 
standing of a j)rimary effect of radiation on a radial ion-sensitiv(‘ s\'stem that prob- 
ably occurs in many cell types, but in certain cells is immediately essential for sur- 
vival. 

Type V 

La Chance.27 demonstrated that the lowered hatchability observed in II abrohracon 
eggs treated in oogonial stages was a case of true dominant lethality; survival fre- 
quency w’as not increas(‘d following fertilization with normal sperm. Upon repetition 
of his experimc'iits (Von Borstel, unpublish(‘d data) it was tound that dominant 
lethalitv induced in^ioogonia bv X-radiation is exprc'sstTl during late embryogeny 
under conditions which indicate that the embryo is i'xi'(*ssi\Tly fragile; thc‘ gut ru\)- 
tures or herniates at the stage of development when peristaltic contractions of the 
gut begin. Interestingly enough, this syndrome is sinm after ultravioU^t irradiation of 
th(‘ cytoplasm of mature eggs (Amy and Von Bofstel’^®; Von Borstel*^®). A complicating 
factor is that eggs from normal unirradiated female.s have a depressiul hatchability 
as the females ag(\ 'Die Tvp«'-V syndrome is expressed in (embryos from these* aged 
femaUvs. Therefore, tlu^ 'Fvpe-V' lethality may not be nuclear but may be a sy.stemic 
or even a cytoplasmic effc^ct of the radiation. 

Although the* nature of this tyjK' of lethalitv is unknown, thc^ rc'sultscan be explained 
in a consistent manner if it is a.ssumed that the radiation effec t is upon thc^ nucleus of 
the gonial coll. It is pc^ssible that radiation inactivatc‘S genc*s in the* gonial cell which 
are not nec:essary for immc*diate survival but are needed to properly synthesize the 
cytoplasm when the gonial cell develops into a mature determinate egg. Other expla- 
nations involving systemic or c:ytoplasmic: eftc»cts also may be* invoki'd, but these 
tend not to be so easily rcjconciled with the data. A complc'te de.scription of I'ype-V 
lethality and other effects ob.served aftcT irradiation of the gonial system will be 
published elsewhere. 

CX)MPAUISON OF ULTRAVIOLET AND lONIZINC; RADIATION EFFECTS ON THE NUCLEUS 

S<‘V'eral n;.sponse.s of cells to radiation show marked differeneuxs according to whc;ther 
the source is ionizing radiation c^r ultraviolet radiati • \ : Photoreac:tivation is a notable 
example of an effect capable of occurring to a marked dc^gnui c^nly after ultraviolet 
irradiation. In general, it has been ob.s(Tved that chromo.some breakage is less 
extensive after ultraviolet radiation than after ionizing radiation. Further, survival 
curves with ionizing radijition often indicate a lower multiplicity of targets or a lower 
thre.shold before the lethal action appears than does ultraviolc^t radiation. As an 
examf)le of the last mentioned, response of newly laid H abrohracon egg hatchability 


References p. 24^12^0 



R. C. VON BORSTEL 


248 

to a-radiat)oii us exponential (Rogers and Von Borstel^®) and to ultraviolet radiation 
the response is approximately eight-hit (estimated by Kimball’s^^ method from data 
of Amy and Von Borstel®*). 

In Ilabrobracon, it has been obst;rved that following treatment of oocytes with 
ionizing radiation a small consistent fraction of Type-I lethality is repaired when the 
egg is fertilized with a normal sperm. 'Phis is shown in Table II. Magni®* has observed 


T.AULli II 

FREQUENCY OF X-mKAni\TKU Kc;(;S DYINC mmiNO F..\RI,Y DKVEI.OPME.NT FROM DEATH MTRIBUTKD 

TO I.NHIUITION OF MITOSIS 

calculalcil from data of Von Tiorsti‘1 and Uckoim'Vor® 


Sta^v irradiatid 

Type JfTotal en^s 

and dose (R) 

Vnfirtilized 

Fertilized 

Motiiphasc J, 

«75 

«> 390 

0-34* 

1 lOO 

9-5<'7 

0.328 

l*r()phaso 1, 

1 5000 

0.440 

0.421 

1 8000 

‘>•137 

0.302 


a similar repair, which could not be shown to be a genetic defect in the progeny, when 
X-irradiated haploid yeast were mated with unirradiated yeast. Atwood®® has ob- 
■ erved such a phenomenon in Xeitros/tora with ultraviolet radiation whei e conidial cells 
are heterokaryotic, made up of several haploid nuclei. The effect with iiltravioh't 
light is much more pronounced than that seen alter X-irradiation (Atwood and 
Mukai®'*). 

Therefore it seemed possible that the nuclear reactivation phenomenon could be 
amplified if ultraviolet radiation were to be used on Ilabrobracon eggs. Unfortunately, 
since the ultraviolet irradiations must b<i performed on newly laid eggs, it is not 
possible to fertilize the eggs after irradiation ; eggs are fertilized during the process of 
oviposition. The consequent doubling of targi't size by fertilization is offset by several 
factors: The sperm nucleus does not combine wiln thi> egg nucleus until meiosis is 
completed and the egg nucleus is irradiated while it i.- undergoing meiosis; the sperm 
enters the egg at the wide end during ovqxjsition, and. since the wide end of the egg is 
not directly irradiated for inactivation of the nucleus (see Von Rorstel and Wolff®®, 
for irradiation proceduies), the sperm may be le.ss available as a target: even though 
the sperm may not be out of the range of the ultraviolet radiation, at doses below 
50% surviv'al the chance is low for inactivation of both the egg and sperm nucleus. 

'ITie results can be seen in Fig. 2 where only the early death data, presumed to be 
inhibition of mitosis, are recorded. Sufficient j^recautions were taken to prevent 
photorcactivation. It is obvious that at low doses the fertilized eggs showed a marked 
recovery, and that at high do.ses the fertilized eggs are more .sensitive to the radiation. 
The theoretical curve for double the target size is not approximated by the fertilized 
eggs. As a further check, sex ratios of survivors were determined at the different 
doses of ultraviolet radiation. As would be expected from the shape of the curve for 
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the irradiated fertilized eggs, the percentage of females increased over the normal at the 
first two doses and decreased at the highest dose ; androgenetic males w<'rc not observed. 
Nuclear reactivation is clearly observable after ultraviolet irradiation. Therefore, it 
seems likely that the 1 yyx;-! lethality from irradiation of the nucleus can be induced 
through at least two distinct mechanisms, one capable of being reactivated. 



INCIDENT UV DOSE (•rgs/mm^l 

2. 1 H'latioiis for Habrobratov dyinf' brfor*' l)last<)(l(‘rni formation after treat- 

ment with ultraviolet radiation. • unlerlilized; O fertilized: dashes. tht‘oretical curve for a 
doubling' of the tarj^et size of a haploid nuel(‘us. 


If mitotic inhibition can he induced by more than one mechanism and if, as appciam 
probable, the nucleolus is not necessary for early develo])ment in Drosophila, then it 
is ])o.ssible to resolve the parado.x that grew out of (/) the nucleolar ultra\'iolet irradi- 
ation experiment of Gaulden and Ferry®® where mitosis was inhibiied in grasshoi)iH;r 
ncuroblasts and ( 2 ) the genetic removal of the nucleolus in Drosut'hila eggs where 
mitosis was not inhibited (Von Borstel .and Kekemeyer® ") . In accord with the concept 
of multiple origins for ultraviolet nadiation inhibition of mitosis, Uretz et al.^^ have 
found that mitosis also is inhibited by ultraviolet irradiation of th(' (Ttitromeres. 
Though mitotic inhibition by ultraviolet light is shown by the nuclear reactivation 
experiment to have a (juantitatively different response than X-radiation, it is not 
known to what extent ionizing radiation can affect nucleoli or centromeres, or how 
either ionizing or ultraviolet radiation affects the centrioles. These remain as problems 
fof the future. 
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MITOTIC EFFECTS OF MONOCHROMATIC L’LTRAVIOLET IRRA- 
DIATION OF THE NUCLEOLUS 

J. GORDON CARLSON. .M.\RY ILSTHER GAl'LDKN a.nij JOHN JAGGKR 

Biology Division, Oak Ridge Sational Lahnratory* and 
Department of Zoology and Entomology , The University of Tennessee (U.S.A.) 


Intense irradiation of one of the two nucleoli of the f^Tasshopper neiiroblast with a 
inicrobeam of ultraviolet radiation was shown by (iauldiMi and PtTrv^ to inhibit mito- 
sis. Using a high-pressure UKTcury arc lamp ((ieniTal Electric AH-()) as a source with 
liltiTs to remove most of the intense infrared, N'isible, and near nllraviolet radiation, 
they found that a 3-sec exposure (ca. 0.03 (ng// -) of om^ nuck'ohis to a rnicrobe.am 
3/i in diametcT permapentlv stopped mitosis wlu n tlu^ cell was in any stage from late* 
telophase through the first half of middle prophase. During the second half of middle 
jirophase the cell became gradually less affect(‘d by irradiation of a nucleolus and by 
l.it(‘ prophase was completely insensitivi' to it. Miirobc'am irradiation of a non- 
nucleolur n^gion of the nucleus caiisc^d some delay but the cell usually dividend within 
24 h. 

Nucleoli in the preceding study received a mixture of difh'rent wavelengths of 
ultraviolet radiation. In the present study effects of specific wave lengths were t*xam- 
ined in ordi'r to determine whether proteins or nuchne acids were res]>onsible for the 
mitotic delay induced in different stages of mitosis. 

Embryos of the grasshopper, Chortophagu viridifaynjla, wen* oil. nted in hanging 
drops so that the neuroblasts situated on the ventral surface of t!i: embryo were 
uppermost against a (juartz cover, Tlu' culture medium used was thcj glycine-glutamic 
acid solution described by Shaw-^. The nuclear diameter is large in relation to the size 
of the neuroblasts ; therefore in a small proportion of the cells at least one of th«‘ two 
nucleoli will, purely by chance, lie close to th(‘ cover. This is imp)ortant in order to 
insure that there is little protoplasmic* material to absorb the ultraviolet radiation 
before it reaches the nucleolus. Nucleoli selected for irradiation were within 7.5 fi of 
the quartz cover in the earlier e.xperiments, and within 5 the later ones. 

The microbeam apparatus used was the type designed by Uretz and Perry®. Mono- 
chromatic radiation was obtained by focussing the beam of a high pressure mercury 
arc lamp (General Electric AH-6 or Philips SP-500) n the entrance slit of a quartz 
monochromator. The image of the exit slit was focussed on the primary aperture of 
the microbeam apparatus. This aj)erturc was brought to a focus as a microsp^ot in the 
plane of focus of the viewing microscope of the microbeam apparatus and centered 
laterally on cross hairs of the viewing microscope. The aperture used in these experi- 
ments gav(i li rnicrospiot 3 fi in diameter. This is slightly smaller than the diametiT of the 

* OporfitcU by Union C'arbide Corporation for the U.S. Atomic Energy ('ommission. 
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nucleolus. Pliotoreactivation was avoided bj' pa.ssing all microscope illumination 
through appropriate filters. Ultraviolet intensity was measured at the beginning and 
end of each day’s experiments by inserting under the reflecting objective of the micro- 
beam apparatus an end window photomultiplier with a uranium glass cover thiit 
converts the ultraviolet to radiation of longer wavelengths detectable by the photo- 
multiplier. 

Results obtained for each mitotic stage and for wavelengths 2650 and 2804 A are 
expressed as the time required for the controls to reach metaphase divided by the 
time required for the treated cells to reach metapha.se. A ratio of i.o indicates, there- 
fore, no effect; a ratio of zero means that the treated cell failed to divide at all during 
the period of observation (usually several daj's) ; and a ratio, for example, of 0.67 
means that the treated cell took one and one-half times as long as the untreated one 
to reach metaphase. The efficiencies of the 2650 and 2804 A wavelengths in retarding 
mitosis, that is, in increasing the interval of time required by the cell to reach meta- 
phase, are expressed as the inverse of the dose required to increase this time interval 
to one and one-half times that of the unirradiated controls. 

For all of the mitotic stages studied prior to early propha.se, 2650 A was more effec- 
tive than 2804 A in retarding mitosis. In early prophase, however, there was overlapping 
of the 70% confidence limits, and middle prophase showed no difference in the effi 
ciencies of the two wavelengths. This suggests either a gradual loss of RNA sensitivity 
or RNA effectiveness in altering the mitotic rate* as prophase progres.ses. 

The neuroblast was most sensitive mitotically to 2650 A and 2804 A at middlt' 
telophase and very early prophase. Both of these stages are characterized by striking 
changes within the nucleus. During middle telophase the new nuclear membrane is 
formed, the nucleoli increa.se rapidly in .size, the chromosonies gradually change in 
appearance from threads to granules, and DNA .synthesis begins (tiaulden'*). At very 
early prophase the granular appearance of the living nucleus is giving way to the 
combinsition of threads and granules that will later be replaced by an exclusively 
thread-like chromosomal material. 

Early experiments, in which the time required by each irradiat«'(l cell to reach 
metaphase was compared with a median time determined from all the control cells, 
gave .some indication that a small do.se of ultraviolet radiation given to a nuch^olus 
might stimulate rather than retard mitosis. In order to test this, two mitotic stages, 
early prophase and middle prophase, were selected. Since the time intervals from the.so 
stages to metaphase are .short and slight differences in the exact stage of the treated 
and control cells could bias the results, individual controls were used. Two cells in the 
same embryo at exactly the same point of development within a given mitotic stage 
were located; then one was treated and both were timed to metaphase. Of t 2 colls in 
early prophase given small doses of 2804 A 10 reached metaphase ahead of their 
controls and 2 after their controls. Of 8 cells in middle propjhase given small doses of 
2804 A the 7 with the smallest dose reached metaphase ahead of their controls and the 
remaining one reached it at the same time. On the other hand, 2650 A showed no 
such accelerating effect on mitosis. In both early and middle prophase the ratios of 
control to treated cell division times were about equally scattered above and below 
r.o. It appears from these results that the protein rather than the RNA is the effective 
component of the nucleolus in producing ultraviolet -induced acceleration of mitosis. 
Why this should be true we have no evidence at present. 
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When both nucleoli were irradiated, the mitotic retardation produced by a given 
(lose to each nucleolus corresponded to what would be expected if only one nucleolus 
had been irradiated with that dose. In other words, tlie mitotic retardation is approxi- 
mately the same, whether a given dose is administered to one or to each of the two 
nucleoli in a cell. This was true for all stages and for both wavelengths. 

The effect of microbiiam irradiation of the nucleus at some distance from either of 
the nucleoli has been testiid for the different mitotic' stag(‘s studied and for both 
wavelengths used. In general the larger doses retard or .stop mitosis and the smaller 
(mt^s have less effect, but the points, when plotted, show a much greater spread than 
for nucleolus irradiation. This suggests that the effect resulting from non-nucleolus 
irradiation may vary considerably with the particular non-nucleolar part of the 
nucleus absorbing the radiation. It might vary from one part to anothcT of a given 
chromosome and fnmi chromosomal to inteiT.hromosomal region. 

It has long been known that the nucleolus consists mainly of protein and ribonucleic 
acid (Vincent^). In recent years it has come to b(' increasingly recognized that ribo- 
nucleic acid and ribonucleoprotein play e.ssential roles in protein synthesis. Certain 
lines of evidence suggest that in th(‘ grasshopper mniroblast the metabolic activities of 
the nucleolus are necessary for completion of two-thirds of th(‘ mitotic cycle lincluding 
interphase). i) The neuroblast must b(‘ suppliinl with ('xtracellular growth .substances 
for normal mitotic prog^^'c*; of stages from tolophiis(‘ to midprophase (Caulden and 
Kokomo(^r‘*) ; since the nucleolus incorporates tritiat(‘d cytidine in these stages 
(Gaulden and Perry i), it may be diivctly involved in the utilization of these substan- 
ces. Mitosi.^’ enn bi^ stopped almost immediately by irnidiation of oik' nucleolus. 
Experiments are in progress to inve.stigate furthiT at the different mitotic stages the 
relation of the nucleolus to synthesis of protein and nucleic acids. 
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MECHANISM OF PHOTODYNAMIC ACTION AS ILLUSTRATED P,Y 

IN VITRO SYSTEMS 

jrniTH S. BEIJ.IN AND GKRALD OSTEK 
Polytechnic [nstitute of Brooklyn, N.Y. (U.S..1.) 


Since 1900, when Raab first discoxcrcd the photodynamic inactivation of bacteria, 
the effects of dye and light on many biological systems have been studied. Despite 
many varied observations, however, the mechanism underlying photodynamic action 
has not been fully elucidated, although it was known that the presenci; of oxygen is 
necessary and that a variety of fluorescent dyes can act as sensitizers for the process. 

Since biological systems arc extremely complex and do not readily lend themselves 
to a physico-chemical analysis of the mechanisms underlying photodynamic action, 
we elected to u.se an organic com{)ound as a substrate for these iiivc.stigations. 
/•-Toluenediamine (PTD) dissolves in water to give a colorless solution. On oxidation 
a brown compound is formed. Autoxidation takes place readily at alkaline pH’s, and 
only very slowly at pH 7, where our studies were undertaken. When to a solution of 
PTD at pH 7, one adds a dye such sis proflavine, the rate of autoxidation of the PTD 
is in no way affected, if the solution is kept in the dark. Upon illumlii-ttion with vi.siblc 
light, however, the .solution turns brown almost immediately. Depriving the sdhition 
of oxygen completely abolishes th<* photodynamic (dfect. The rate of the photo- 
sensitized oxidation of the amine was followed (Quantitatively by determining the rate 
of increase of optical density at the absorption maximum of the brown o.xidized 
compound. In this fashion the rate of photo-sensitized oxidation of PTD was measured 
as a function of dye concentration, substrate concentration, oxygen concentration, 
light intensity and pH. The data obtained fit the following scheme of reaction : 


(j) I) + hv > D* 

( 2 ) D* —1) I hvr 

(3) D* ^ D' 

{ 4 ) D' -* 1) J hvp 

( 5 ) I)' f I> -*2l) 

(6) D' + 0% 1>0* 

(7) 1)0, 1) f O, 

(«) DO, + D ->-2l) t- O, 
(9) DO, + S -*D 4 SO, 


Absorption of visible* liRht to give ilye molecules in the first 
singl(;t electronically excited stale. 

Fluon-scence and/or heat or internal conversion to ground state. 
Transition to long-lived state. 

Phosphorescence and/or heat or inti'.rnal conversion to ground 
state. 

C'oncentration quenching of long-livc'd state, 
formation of * ‘photoperoxide” 

Spontaneous dccomt>osition of "photoperoxidf*”. 

Ccmcentration quenching of “photoperoxide”. 

Oxidation of substrate 


Assuming steady-.state concentrations for the transient sp(;cies D*, D' and DOa, wo 
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obtain for the (quantum yield of the photo-sensitized oxidation of substrate the expres- 
sion. 


Aa ka(Os) Ab(S) 

As-f-Aa At-t-Asim -f- AefOs) A7 +Ah(I>)Ta»(S) 


In dilute solutions of proflavine the (luantum yield is 3.0. Comparing this expression 
with the experimental results, we find that ki/ka — 0.60; thus a long-lived dye mole- 
cule has almost equal probability of being de activated by an unexcited dye molecule 
and of reacting with oxygen. This suggests that every (’ncounter of a molecule with 
D' moh'cules leads to a reaction, and the lifetime of the 1 )' molecules can therefore lx; 
estimated from the olxserved ratio kajlu, divided by the number of diffusional collisions 
in water at room temperature, as 3 • to •* sec. In contrast, the lifetime of the first 
electronically excited state of the dye (D*, the fluoresc:ent state) has been estimated as 
5 • 10 ® sec. Similar!}' we can e.stimat(i the lifetime of the dye -peroxide complex to 
be 1 .4 • 10 ‘‘ sec. 

The most important points at which our scheme differs from tho.se previously 
postulated are the following: 

(t) Our rate data necessitate the postulation of a complex between excited dye 
molecules in the long-lived state and oxygen; for con\’enienc.e we have termed this a 
" photoperoxide”. Sugge.stion.s by previous workers involvijig the direct excitation of 
oxygen molecules by (‘xcited dy(' molecules can be objected against on various energet- 
ic grounds. Although direct proof of a comj)lex such as we postulate is tlifficult to 
obtain, this would be an energetically tea.sible phenom(.non. 

(2) Participation in the reaction of dye molecules in the long-lived (presumably 
triplet) state, 'riius, in coiiirast to previous suggestions concerning the participation 
of the fluorescent (first electronically <;xcited singlet) state, we ha\'e shown that }>hot- 
oxidation involves the participation of molecules in the long-li\ (;d state. The property 
of fluorescence, therefore, is not sufficient to guaranty the effectivt ness of a dye as a 
photosensitizer. And indeed, we have found this to be the case: onlj tho.se dyes which 
can form long-lived dj'e molecules are able to act ;us. sensitizers in photodynamic action. 
In conformity with previous investigations we have termed such compounds photo- 
reducible dyes: the reduction of these dyes by means of light and a mild reducing 
agent such as ascorbic acid, allylthiourea or El) I'A occ:urs via the ]>articipation of dye 
molecules in the metastable long-lived excited state. We have found that only those 
dyes which are photoreducible (and u^hich, therefore, an' able to foim dye molecule's 
in the long-lived excited state) can act as sensitizers in photoxidation. Such dyes be- 
long to the following families of dyes: Thiazines (c.g., methylene blue), Xanthenes 
(c.g. fluorescein), Thiazoles (e.g. thioflavin TG), Acridines {e.g. profla\'ine), Azines 
(t’.g. neutral red). Porphyrins (c.g. hematoporphyrir '-, and Riboflavin. Among dyes 
which are inactive are Azo dyes {e.g. Congo red), Oxazinc's (e.g. nile blue), Indamines 
(c.g. tolulene blue), Anthraquinones (c.g. alizarin red). Cyanines (c.g. pinacyanol), 
Nitro dyes (c.g. Martins yellow) and Indophcniol. Triphcnylmethane dyes, such as 
crystal violet are photoreducible only when they are bound to a high-polymeric sub- 
strate, sucli as DNA, and can act as sensitizers for photoxidation only when in the 
bound state. 
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Followirg the elucidation of this mechanism for photod3mamic action we desired to 
find out whether the same mechanism would hold for a biological substrate. To this 
end we investigated the photosensitized inactivation of a transforming principle, 
since it is relatively more simple than most other biological substrates. DNA inducing 
resistance to streptomycin in 1 ). pneumoniae was prepared and as.sayed by the usual 
methods. For the study of its photodynamic inactivation, 5 • io~® .1/ dye was added 
to the DNA in saline. Two solutions (with and without dye) were kept in the dark, 
and two identical ones were illuminated at a distance of 15 cm from the front 
surface of a 500-W projector. No rise in temperature occurred in any of the illuminated 
samples. All irradiations were performed in the presence of atmospheric oxygen. 
Following illumination the transforming activity of the DNA was as.sayed at three 
different concentrations, all at a le^'el where previous assays had shown the trans- 
forming activity to be independent of DNA concentration. The concentration of dye 
in contact with the cells was 5-10 • 10 ’ M and total cell counts showed that at this 
concentration none of the dyes impaired cell viability. In no case did illumination in 
the absence of dye result in a change in transforming activity. In tho.se cases where 
inactivation did occur, the remaining activity was in all cases still proportional to 
DNA concentration at the three concentrations ust'd for assay. 

Fig. I shows that after fifteen minutt?s’ irradiation in the presence of methylene 
blue the DNA has lost half of its transforming activity. In the absences of light no 



inactivation occurred. Table I lists the results for fifteen minutes’ irradiation using 
various dyes as sensitizers. Rose Bengal, methylene blue, proflavine, neutral red Jind 
riboflavinc are effective sensitizers for the photodynamic inactivation, as is crystal 
violet, since it is bound to the DNA. Cresyl violet, methyl orange, and alizarin red are 
ineffective. Both proflavine and thioflavine TG reduce the transforming activity 




mechanism of photodynamic action 


257 


(without bactericidal activity at the low concentrations emploved) even in the ab- 
sence ol light, thus preventing us from noting their expected photosensitizing action. 
This dark effect may be related to the known mutagt*nic activity of acri flavine, of 
which proflavine is the principal constituent. In all cases, the ability or inability of 


T\BI-K 1 

PHOTODYNAMTC INACTIVATION OF IT^A NSKORM I NC. PRINCIPLIi 


T run s/unmuR lu tivifv 
of mtivity oj itmtrnl mutnin 
iHR no dyt') 



Dvr alrmr 

Dyr itmi liRht 

Kosi* Hri\g;Ll 

10(1.5 

3().S 

Mcithyloin' BIul* 



Proflaviiif 

OS. 2 

()| > 

iNoutral Red 

1 10. 1 

40. 0 

C rystal 

101 ..| 

72.1 

'I'liioflavino 'I'Ci 

71.0 

0^2 

( rcsyl VioJt't 

'<>5-3 

03 

Mfthyl Oraiif'c 

100,5 

9 S.() 

Alizarin Ht-d 

<)().* 

970 

Riboflavino 




lln' (lyos to sensitize the pliotodyniiniie inactivation of transformini; princi]>le is 
paralleled by their ability to sensitize the photoxidation of 1 *TD and by their photo- 
n'dncibility. Here again, therefore, only those dyes wtiich can form molecules in the 
long liwd excited stat(^ can ac.t as sensitizers, and one may presume, tlu'n-fore, that 
the meclianism elucidated for the photoxidation of PTD may hold true for the plioto- 
sensitized inactivation of the transfonning principle as well. 

As a third step in our investigation we are studying the photodynamic inactivation 
of tumor cells in vitro and in x'ivn. The tumors tested included tin* ' Gardner Lympho- 
sarcoma, ((>C3lII£T)), Sarcoma 180, Ehrlich ascites and a mammary carcinoma, 
(dbrB), all grown in mice. Cell .susjx'nsions were prepared in saline and adjusted to 
pii 7.4, from rapidly growing solid tumors. These suspcmsions ’.ven; diluted to give 
10® cells per ml, dye was added, usually in lO" ® .1/ concentration, and tlu* suspensions 
were illuminated at room t(!m])erature, in the same manner as in the case of the trans- 
forming principle. After illumination the susix.‘nsions were centrifuged and tlx^ cells 
washed with ssilinc and resuspended in saline containing 200 units of Penicillin. Sterile 
precautions were observed throughout. Each suspension was tested by the injection 
of-0.5 ml, subcutaneously in four different sites in four different mice. 

Fig. 2 illustrates data obtained in the case of neutral red and (lardner Tumor cells. 
The ordinate repre.sents the number of days the mice were free of tumor (i.e., the. 
number of days until a tumor could be palpated: death usually occurred about 10 
days later). Along the abscissa are plotted in succession two controls containing no 
dye, and two samples containing neutral red, in each case one kept in the dark and one 
illuminated. It is evident that in the absence of dye illumination had no effect on the 
viability of the tumor c-ells. Similarly, the presence of dye per sc had no effect. 
Illuminating the cell suspension in the presence of dye for 30 min, however, completely 
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inactivated the tumor cells, since they were unable to elicit tumor formation even 
after thirty days. 

As shown in Table II, results similar to these were obtained using proflavine, acri- 
dine orange, eosin, thionine, and methylene blue. Rose bengal, crystal violet, janus 
green B, and 2,6-dichloroindophenol inactivated the tumor cells even in the absence of 


Exposed to light 



Fig. 2 . 


TAHLE II 

PHOTODYNAMIC INACTIVATION OF TUMOR CKLKS IH vitro (GARDNER LYMPHOSARCOMA) 


. Viability 

(Numbir oj days until tunwr palpable) 


No dye With dye 



No light 

Light 

No light 

Light 

Kose Hengal 

1 J 

I 1 

30 1- 

3 'M 

Eosin 

1 1 

1 1 

*5 

3 <^« + 

Methylene Blue 

10 

1 1 

1 1 

30 1 

Thionine 

1 1 

1 > 

r 3 

3 « 1 

Proflavine 

9 

10 

10 

3 « f 

Acridine Orange 

1 J 

1 2 

12 

30 1 

Neutral Bed 

1 1 

1 2 

U 

3 <^ 1 

Crystal Vuilet 

1 1 

I 2 

30-1 

30 1 

Thioflaviiie TG 

1 1 

I 2 

30 f 

3 «> f 

Janus Green B 

1 1 

L J 

30 1 

30 1 

Indophenol 

1 1 

12 

30 1 

30 + 

Methyl Green 

u 

1 2 

iH 

3 C 

Congo Red 

11 

1 I 

12 

12 


light. Congo red had no effect, either in the dark or upon illumination. Results similar 
to the foregoing were obtained using Sarcoma 180, Ehrlich ascites and a mammary 
carcinoma (dbrB). As in the case of the photosensitized autoxidation of PTD and of 
the photodynamic inactivation of transforming principle, therefore, only those dyes 
which are capable of being photorcduced are able to act as sensitizers for the photo- 
dynamic inactivation of tumor cells. 
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KliNDEMKNT QUANTIQUE DE LA RADIATION 2537 A SUK UN ADN 

bactEkien et des bacteriophages 

N. UEBEYKOTTIi et \i. LATAKJET* 

Instihit dll Radium^ Lahomtoiye Paste nr. Pans (t'raiue) 


Nous av'ons tHudio le roiulemcnt quantiquo do la radiation 2337 A siir des acidos dcs- 
oxyribonucU'iques bacterions et viraux. Nous avoiis d’abord calcule I’absorption d’une 
molecule d’ADN. Le coefficient d’absorption de nos solutior ctait de 2.13 • lo'*. 
Pour unc portion de molecule d’ADN de |K)ids moliVulaire ro“ la surface projctee 
correspondante est de 570 Cette meme portion correspond a environ 2850 

nucleotides, chaciu? wya.nt coinme surface projet(k‘ perp(‘ndiculairement a I’axe de la 
fibre 0.2 m^^ 

Dans le cas do solutions tres diluees, on yieut i:onsiderer que toutes les molecules 
d’ADN sont distinctes. holies tendent <1 offrir au rayonm'mont leiir surface projetiV. 
Pour une epaisseur de 1 cm, la concentration correspondant a une couche uni forme de 
I inolectile est de : 


I cm2 
0.2 m//2 


10** 

0.2 


5 - 10^4 nucU‘oti(U’s/em 2 


ou 2.9- g/cni2 cl’ADN 


Une telle solution sous i cm d’epaisseur doit avoir la m^me absorption (ju’une mono- 
couche, c’est a dire tpi’une molecule d’ADN. Par e.xtrapolation lie la courbe de densite 
opticjue cn function de la concentration on a, pour cetli* solution, une (Umsite oplique 
o.oobi. 

Done, pour la radiation 2537 A, une molecule ou fraction de molecuU; d’ADN 
ahsorhe 13 />. 1000 des f>hotons quelle refoit. 

Nous avons irradie dans des conditions semblables un ADN bacterien et des bacte- 
riophages. L’ADN bacterien est un ADN transformant du Pncumocoque dont nous 
avons suivi I’aptitude a transmettre le caractere resistance a la Streptomycine a une 
sou'che sensible. Les bacteriophages etudi& sont !»• 0X174 et le S. 13 dont I’ADN a 
une structure cn simple hdlice, et aussi le T2 dont I’ADN est constitue d’une double 
luilice. Les irradiations U. V. ont cte effectu&s en solution de N aCl o. 15 M . Les irradia- 
tions X ont etc faites en milieu protccteur contre les effets indirects : les echantillons ont 
etc dilu^s dans de I’extrait de levure h 10%, puis congclAs a — 50'’ irradies. Les 
differents- resultats obtehus sont donnes dans le Tableau 1 . 

* Avi'c la collaboration technique dc Madcmoistdlc M.-L. Dksvoye. 
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TABLEAU I 





r* 

^Xi7f, S.i,j 

TP 

Poids d'ADN (g) 


2.3- lo- 

■15 4.10 18 

1.2-10 

ILV. /)o.37 (ergs-mm“* 

') 

40 

200 

80,000 

I’hotons absf^rbes J 

par ADN 


4(10 

5.200 

pour I choc efficacc 1 

par nucleotide 

0.013 

0.07 

2b 

Rayons X Do.37(io3R) 

( k 2 
\ ^ 50' 

40 

^50 

420 

1 ,200 
4,000 

Ionisations par AI^N 

p 

20 

2 


pour 1 choc efficacc 

1 a. -5“ 



1 

l*hotons absorbes 
ionisations 


260 

130 

5,200 

U.V. Joules absorb<Jspar mg/ ADN 

0.0 1 7 

O.OC) 

34 


pour /Jo .87 


Ces re.sultats preliminaires montrent qu«; lc.s ADN simple et double des bacterio- 
phages se comportent ii pen ])res de la meme fa^on en donnant des rendcmcnts quan- 
tiqucs du meme ordre. L’ADN transformant est boaucoup plus resistant aux U.V. et a 
un rendemcnt quantique 30 fois plus faible. II faut attendn> d’autres e.xperieiices pour 
expliquer ces differences. 
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MODIFICATION OF RADIATION DAMAGE AND ELECTRON SPIN 
RESONANCE MEASUREMENTS IN VICIA FABA SEEDS* 

WALTER KLrN(;Mt'lJ,KR** 

Botany Department, University of Giessen (Gernuinv} 


I am liaj)pv to be al)le to deliviT this short report on our current inv’estigtitions on 
I ina jaba seeds. Our interest is centered around X-ray daniagt* in tlie seeds, especijilly 
when very dry. Wo are trying to draw some indirect information on earlier steps in- 
x'olved in the radiation effect, by studying the modification in tlamage resulting from a 
series of different treatments applied after irradiation. In addition we an* also trying 
to g(d more direct information about these earlier st(*ps by means of a very reccuit 
l)ljysieal techni(ju(!, that is, ('lectron-spin resonance absorption measurements in the 
irradiated materiiK ;lod1owing up these lines, we ha\'e also studied the influence of 
illumination by fluorescent light, this being where photobiology itself comes into the 
report. 


MATERIAL AM) BASIC FAC'TS 

Vicia jaba, as is well known, is a very large bean needing much space in irradiation 
and growth ex})erimtmts. In ordcji* to be able to irradiate a r(‘asonable number of .seeds 
at the .same time W(‘ an' using a special variety, Vicia jaba minor, which has .smaller 
seeds and therefon' .suits our pur])o.ses well. Tht* advantage of u.sing the .smaller seeds 
can bt‘ seen clearly from the first slide'***. 

Several authors, c.g. Ehrenbergi at Stockholm and ('aldecol: ’ at Brookhaven, 
reporti'd some years ago that the radiation sensitivity of very dry seeds is much 
higher than that of seeds with medium water content. These data were given only for 
barley. We have however l)een able to confirm them in our own Vicia jaba minor 
seeds of different progenies and uiidi'r different experimimtal conditions^. The next 
slides*** illustrate this for beans of 2 moisture contents, namely 8.6% and 11.7%, 
irradiated with 3,000 K, and grown in .saw-dust in the light. It is obvious that the dry 
beans are damaged sexx'rely by th(‘ irradiation, while in the seeds of higher moisture 
content radiation damage is comparatively .small. 

• ES R- ME ASU R E ME N TS 

Searching for the cause of this .sensitizing effect of drying, Zimmer and Ehrenberg 
started electron spin resonance measurements in irradiated embryos and whole seeds 
of different water content^ ‘ «. Tlu'y were soon followed by our own group*^*®. By means 
of this t('chnique, the details of which time does not y)crmit, we were able to show that 

* Supported by the Deutsche Forschungsgemcinschaft. 

** Present address: Botany Department. Yale University, New Haven, Conn. (U.S.A.). 

*** (liven at the Congress only. 
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in very dry embryos of Vicia faba minor seeds, 10,000 R of X-rays induces a detect- 
able amount of free radicals, about 7 • lo^® per gram dry weight, while in embryos of 
medium water content, no such radicals could be found (sensitivity' about 10® radicals 
per gram dry' weight). Investigating cotyledons and testae separately, we found that 
similar concentrations of free radicals were induced by' the irradiation in both the 
cotyledons and the embryo. In testae, however, many more free radicals could be 
detected. 

Following up this phenomenon we found evidence that even simple illumination 
induces free radicals in the testa of Vicia faba minor, not only in dry material but in 
some of medium water content as well. The typical esr-absoriition curves shown 
demonstrate this fact (Fig. i). I'he measurements were carried out in the pliysics 





P'ig. I. Esr-absorption in U’Stat* after different illumination periods. Water content of., testae 
11.0%. Illumination with 4500 lux for (a) o h. (b) 13 h, (c) r day and (d) 2 days. 2 marker absorp- 
tion peaks, one on I'ach side of the free radical absorption. 


department of Gies.sen University by' my' colleague Diplom-Fhy.siker Von Foenster, 
who has designed a very sensitive esr-spectrometer and has spent a great deal of 
time carefully calibrating and adjusting it for the-^e purposes. He employed a spe- 
cial marking substance displaying two peaks of absorption, one on each side of the 
free radical absorption to be expected. This was introduced into the cavity together 
with the biological sample. Thus standard comparisons and calculations of free radical 
contents were possible. The water content of the shells was ii.o'/o. They were sepa- 
rated from the beans and expo.s(!d to fluorescent light of about 4500 lux for o h, 13 h, 
I day, and 2 days respectively. It can be .seen that the concentration of illumination- 
induced free radicals rose from uncertain amounts, in the beginning, to about twice the 
an.plitude of the marker absorption peaks. 

We feci that these findings are important in several respects. They show that, for 
esr-measurements on X-rayed biological material great care must be taken to exclude 
disturbing influences from uncontrolled factors such Jis daylight. They might also 
prove of relevance for all those investigations on light-dark reversal phenomena in 
seed germination on which an ovenvhelming amount of literature has been compiled 
during the last 10 years (see rcfs.®>‘® for literature). Specialists will perhaps remind us 
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thclt beun seeds tire usually considered as li^ht indifferent in their /germination behav- 
iour. However, recent investigations of Lane and Butler^^*^- revealed some photo- 
formative effects in Vtciu seeds in which short light exposures of the seeds caused 
alterations in the later development of the shoot, but, I would rather not stress 
such ideas as long as simpler explanations for the effects observed are still at hand. 
Oiu* .such simploi explanation might be that mclanins, as in a number of zoological 
subjects studied by Mason and co-workers recently^ are the cause of the extreme 
esr-absorption tendency in our material, being transformed by illumination or X- 
irradiation into free radical states. 

POSTTREATMEN'l 

A recent paper by Curtis and co-workers '•'* at Brookhaven must be mentioned, in 
connection with posttreatment of X-irradiated seeds in ordiT to get indirect infor- 
mation on initial steps iruolved in radiation damage. The authors, working with 
normal and very dry barley seeds, reported that v'cry dry sei;ds show the same damage 

dark 



Fig. 2. Shoot and root lortgth of seedlings 1 1 days after .soaking, grown in the dark. Seeds of 
two moisture contents, 9.7% and to. 4 %. J.)o.ses of 3,000 R and 10,000 R X-rays. Soaking 4 min 
after end of irradiation, under aerobic (O) <»r anaerobic (N) conditions. Mean from 60 beans in 

each case. 
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as seeds of medium water content if germinated immediately after irradiation. Thus, 
there is no sensitization by the drying process. According to the authors it is only 
the time factor, that is prolonged storage after irradiation, which brings about the 
higher damage in the dry seeds. In their experiments, soaking was done under 
anaerobic conditions for an initial i-h period and the seedlings were grown in the 
light. 

We have tried to check these findings in our Vida seeds to get more insight into the 
factors involved in this effect, but were unable to find anything corresponding to the 
data of Curtis and co-workers. In Fig. 2 the results of our experiments are summarized. 
Root and shoot lengths of the seedlings after rr days of growth under strictly defined 
experimental conditions are indicated on the graph. Seeds of two moisture contents 
on irradiation are shown , namely 9.7% and 10.4%. They were given 3,000 R or 10.000 R 
of X-rays, apart from the controls, and were soaked 4 min after the end of irradia- 
tion for an initial period of 8 h under either aerobic or anaerobic conditions. They 
were then grown in sawdust. The results given are the mean values from 60 beans. 

In contradiction to the other authors, radiation damage was very great indet'd in 
these samples soaked 4 min after irradiation, while beans of higher water content, rt-:. 
ca. 12%, showed no damage at all. Statistics showed that apart from the irradiation 
and from moisture content itself no other Ireatnu'ut gave significant differences. 
There was no difference between aerobic and anaerobic soaking, nor had aerobic- 
soaking any effect on the ultimate radiation damage, nor was any highcT interaction 
significant. This is brought out more clearly by the following slide (Fig. 3, left sicie), 
where the X-ray data are i)resentt'd in pc'rcent of individual controls. 

When thinking of some po.ssible explanation for the ob.served discrepancies betwc'en 
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Fig. 3. Shoot and rcnit length of seedlings as percentage of individual controls. Seeds of different 
moisture contents. Doses of 3,000 It and 10,000 R X-rays. Soaring 4 min after end of irradiation, 
under aerobic (O) or anaerobic (N) conditions. Growth in the dark (i 1 days) or in the light (t 2 days). 

Mean from 60 beans each. 
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our results and those of Curtis et aL^ it occurred to us that Curtis and co-workers had 
grown their scc:dlings in the light while we, for practical reasons, had grown them in 
the dark, lo check whether or not illumination had any influence on the results we 
have now run a corresponding experiment, growing our beans (after irradiation and 
soaking) in fluorescent tube illumination of about 4500 lux from the 3rd day onward 
by which time the seedlings had grown through the sawdust. Final measurements w^re 
taken on the 12th day of growth. 

The results as percentage of individual controls are added here to the c'arlicr data 
on the same graph (Fig. 3, right side). There were beans of andS.b^;, water con- 

tent, given 3,000 R of X-rays and .soaked either anaerobically or aerobically as before. 

It can be seen from the graph that, with illumination an oxygen effect in the .soaking 
procedure becomes obvious in the very dry beans, the damage being greater in aero- 
bic ally soaked seeds than in anaerobically soaked sc('ds. There is still considerably 
greater damage in the dry seeds as opposed to the medium water contcMit .seeds if only 
roots are considered. For shoots grown in the light howt'ver the results of Curtis H al 
would seem to be confirmed. That is. X-ray damage is not significantly greater in 
shoots of dry .set‘ds than in shoots from se('ds of medium water ( ontent j)rovided that 
the soaking is done under anaerobic conditions. 

I iK'od not enlarge here on all the many interesting conclusions and si)eculations 
which might easily. bO derived from our results. 1 think speculations should be delayed 
until we have confirmed the.se findings further. We hoj)e to do this very soon and we 
are all looking forward very much to what will (»merg(\ 
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ELECTRON DIFFUSION PROCESSES IN PHOTOBIOLOGY* 

R. C. NELSON 

Department of Physics, The Ohio State University, Columbus, Ohio (US. A.) 


The idea of diffusion or migration of electrons is of interest in several connections. 
One is when the absorption of an energetic photon leads to ioni2ation of a molecule 
in a tissue and the appearance of a free electron ; one wishes to know what can happen 
to this electron. There is evidence that in photosynthesis an electronic diffusion |.«o- 
cess takes place in the initial prechemical stage. Also a great many reactions in tissues 
involve transfers of electrons. It is customary to assume that these transfers tsike plac-.' 
directly only over a very short range, and that long-range movement is associated 
either with the movement of a distinct chemical species, or with the transfer of an 
electron through a series of distinct chemical species. It has been suggested at times, 
first by Szent-Oyorgyi^ that it is not necessary to postulate a new chemical species for 
each step of the transfer, but that one might suppose instead that the electron migrates 
t hrough the intervening space as a free particle. 

This idea has not had general acceptance and is not even admitted as a reasonable 
hypothesis by many workers. Its failure must be ascribed in part to the fact that 
while a good theoretical model, the so-called band model, exists to account for the 
movement of electrons in metals and semiconductors, this model cannot be extended 
to the kind of system which is found in living tissues without severe and perhaps 
insurmountable difficulties. This statement must not be taken to mean that the 
diffusion of electrons cannot take place in such systems. Such diffusion must in general 
be possible. Any substance in which free electrons can be formed or into which they 
may be introduced, will exhibit electronic diffusion processes independently of whether 
the band model is applicable or not. 

A brief description of the band model will be given here, with particular reference 
to organic substances. Some indication will be given of the limits of its applicability, 
and of what sort of picture can be used to think of electronic diffusion \/hen the band 
model fails. 

Let us consider, from a drastically .simplified point of view, an organic molecule of 
mclerate size. We shall suppose that this molecule has a well-defined number of 
states which can be occupied by electrons, and that each electron in the molecule must 
occupy such a state. In order to confine our discussion to essentials, we shall charac- 
terize the states by their energy, and set their total number to be equal to the number 
of electrons, n, plus one. Normally the n states of lowest energy will be occupied and 
the remaining state, lying a few electron volts above the highest occupied state, will 

* This work was supported by the Charles F. Kettering Foundation. 
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bo empty, as in Fig. i A. It is possible to raise an electron from an occupied state into 
the uppermost one by the absorption of a photon of the correct energy, and a process 
of this sort is what we mean when we say that a molecule absorbs light. 

Let us now suppose that instead of exciting an electron from a lower state into a 
higher one, we add an extra electron to the molecule, perhaps by letting it bind a free 
electron from an electron beam. Such a process is possible in general, and the binding 
energy will be of the order of a few electron volts. We must put this electron into the 
highest-lying state since it is the only one remaining, and its energy will be approxi- 
mately the characteristic energy of this state. 

We must now try to see the situation of this extra electron from its own point of 
view. It will occupy an orbit, so to speak, which is in rough approximation confined 
to the rc'gion of space occupied by tlic mok^cule. If we try to s(*paratt‘ it from the 
molecule, we must give it more energy, and its energy must increase rather sharply 
as we move it away from tlu' molecule. In other words, the electron sc'(‘s the molecule 
as a potential well- -a hole into which it his fallen, and from which it cannot ivscape 
without help (Fig. iB). 

Let us now consider a large number of idontii al molecnlt's a' ranged so that they 
are closely packed, regularly spaced, and similarly oriented; a crystal, in bri(‘f. An 
(*xtra electron in ont^ of the.se molecules now se(‘s a large' number of identical states 
which it might occupy if it wen^ fren* to move. It would seem at first glance that it would 
be ])revented from moving through the crystal by the fact that in passing from one 
molecule to the next, it would be necessary to separate it from the first molecule 
bi'fore putting it into the .second, and that thus a large activation energy would be 
necessary to cau.se it to make a one-molecule step. Becau.sc' of the so-called quantum 
mechanical tunnel effect, this is not in fact so. 

The tunnel effect can be summarized briefly a.s one which allows a particle to pass 
through a barrier which it would find impos.sibli' to surmount because of a large 
energy requirement. A probability that the particle will be able to penetrate the 
barrier is as.sociated with the effect, and this probability is related to the height and 
thickness of the barrier, and is very sensitive to them. For electrons it is of appreciable 
magnitude for distances of the order of a few angstroms and for bai rier heights of the 
order of a few electron volts, which is the range of distances and energies with which 
we are concerned. 

Because of the tunnel effect, the space available to the extra electron is not con- 
fined to the region occupied by the molecule, and if a molecule having an identical 
upper state is clo.se enough, tin; electron may move into it without undergoing a jump 
in energy. In .situations in which the jirobability of making such a transition is large, 
\ye say that the band model is applicable. In terms of this model, it is no longer correct 
to speak of N molecules each having a vacant upper state ; we must think instead of 
the\vhole crystal having N vacant upper states. These states will not be identical in 
energy, but will occupy a mon; or le.ss narrow band of energies; this is the so-called 
conduction band (Fig. iC). 

While the extrea electron behaves as a free electron in having the whole crystal as 
its permitted range, it differs from a free electron in space in being more difficult to 
accelerate in an applied 'idectric field. This sluggishness is associated with the degree 
of difficulty with which an electron can tunnel through the intermolecular barriers. 
We may retain the approximation that the electron is free by ascribing an “effective 
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mass" to it ; the more difficulty the electron finds in passing through the barriers, tlic 
greater the effective mass. Similarly, as the barrier becomes less penetrable to elec- 
trons, the more nearly are we able to think of the molecules as individual molecules, 
separate from and unaffected by their neighbors. As the molecules become more 
nearly individuals, the character of the highest-lying state becomes more like that in 
an individual molecule. The total range of energies of upjHT stat«;s in the crystal 
becomes narrower, and thus the conduction band becomes narrower. We must 
therefore not think of the band property as being an absolute property of any crystal, 
but rather as a model which may be more or less applicable. 



Fig. 1 . Schematic representations of electron states in molecules and solids. Sc'e t(*xt for details. 


The projHJrty of the band model which makes it useful as a mt;clianisin for allowing 
energy to diffuse through a .solid is simply the fact that there is a range of energy for 
which no allowed states of electrons e.\ist. If energy is conveyed to an electron by 
exciting it to the upper .state, the electron must retain that energy as long as it remains 
in the free mobile condition. It can carry the enc-'py a c«)nsideiable distance in the 
crystal and discharge it at some suitable .site. Since Mich an electron is etiuivalent to 
a chemical reductant, we have introduced the possibility of stiparating oxidations luid 
reductions spatially, as in the well-known Clurney-Mott- meclianism of the primary 
photographic process. 

There are in particular two types of situations in which the band model is inappro- 
priate, and these are of the sort which arc of interest in biology. One is the case in 
which the probability of the electron being able to tunnel through the intermolecukr 
barrier is small, causing the conduction band to become very narrow. Specifically, 
when the width of the conduction band approaches the value of the product of the 
Boltzmann constant and the absolute tempenature, about 0.025 electron volts at 
room temperature, the model fails. This is because the reipiirement of identicalness 
of the molecules has become very stringent and hard to satisfy, and the differences in 
thermal energies of the molecules are sufficient to make the system effectively hetero- 
geneous. This does not mean that it is no longer possible for an electron to tunnel from 
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one molecule to the next. It means rather that it is no longer correct to think of 
collective processes involving the whole array of molecules, and that we must now 
think of processes involving pairs of molecules and associate the electron with some 
particular molecule at a given instant. 1 he tunnel effect may be still quite af)preciable, 
nnd the electron may still diffuse through the array of molecules. The j^roperty of 
regaining its initial excitation energy until it loses it catastrophicallv still remains, 
and hence the potentiality of being able to account for diffusion of energy. 

From a fundamental point of view this sort of “jump proci^ss” diffusion is quite 
distinct from the band model, but the differences do not change the essential character 
of the process from the standpoint of transfer of ene^gv^ The “jump’* model seems 
more likely to be ol use in biological systems since it is valid under circumstances 
lacking the high degree of regularity of structure which the band motlel ri'quires. The 
writer^ has offered evidence that such processes take place in the photoconductivity 
ol ciTtain dyes and pigments, and they may prove applicable in considering the initial 
l>rocess in photosynthesis. 

A typical situation in biological systems is that of an array of non-identical mole- 
cules (Fig. iD). Here an extra electron in a molecule will not in ger 'ral be able to move 
to an adjac'cmt molecule without losing or gaining energy. The band model is hardly 
aj)plicable to systems of this sort. In principki, diflusion of an electron will still be 
possible since the Vuhkcl effect still operates. A concei^•able situation is that in which 
the electron passes through a series of molecules having succ(‘ssivi‘ly lower allov\'i‘d 
states. 'Phis situation offers no difficulties, and constitut(‘s a channel for directed 
mo\’ement of energy. It may also be possible for an electron to move uphill in energy 
by acejuiring thermal energy from the molecule in which it is locali/.ed, to enable it to 
occupy a higher-lying states of an adjacent molecule. If tlu* moU'Cules adjacent to each 
other ar(‘ not gn^atlx' different chemically, tlu^ amount of energy required is likely to 
be relatively small. 

\V(‘ have based our discussion on the movement of an extra electron in a system of 
moleculi‘S. It is evident that such an electron can be produced b\ energetic ionizing 
photons. 7'here is also considerable evidence that fn^e electrons can lu* produced with 
photons of a few electron volts energy evcui in disordered systems by transfer from 
pigment molecules. Tlie writer has fouiKH that it is possible to .si^nsitize photoconduc- 
tivity in a borosilicate glass with organic dyes; that is, that an (‘xtra, mobile electron 
can be caused to appear in the gla.ss with the expenditure of as little as 1.4 electron 
volts. Albrecht and Green ^ havt* performed exjM^riinents in which hydrocarbon glasses 
at 78^K became photoconductixe by photoionization of t(*tramethylphenylene- 
diamine using photons of 3.5 electron volts. Dye-sensitized photoconduction in pro- 
teins has been observed^. It does not seem to be out of the cj nest ion that an electron 
could be set free to diffuse in a protein molecule by near-ultraviolet light absorbed by 
a tyrosine or tryptophane group. While the energy is much le.ss than tlie ionization 
energy of tyrosine, only enough is required to move an electron into another bound 
state in which it is an excess electron. It will then be free to diffuse and to carry its 
excitation energy with it. 

Recently some work done by Gordy and Patten" has given what is probably the 
best and most direct evidence for diffusion of electrons in proteins. They examined 
the electron sj)in resonance signals of X-irradiated probHns. When the irradiation 
took place at room temperature, it was found that all the unpaired spins were in 
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similar situations, probably at a cystine S-S bonds. When the irradiation and the 
examination were carried out at 78 “K, the spins were found to be in a variety of situ- 
ations; if the sample was now warmed to room temperature, all the spins were once 
more to be found at cystine sites. There seems to be clearcut evidence of an electronic 
diffusion process {probably in this case of an electron vacancy, or hole) which is frozen 
out at low temperatures, but is effective at room temperature. 

In conclusion, it should be pointed out once more that the band model is not a 
necessary part of the hypothesis of electronic diffusion processes in biological systems ; 
that such processes unquestionably exist in situations in which the band model is of 
doubtful validity, and that they deserve consideration in cases in which energy is 
supposed to migrate in a biological system. 
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INTRODUCTORY REMARKS 

A. C. GIESE 

Ih-parhHenI of liiolo^ical Sciences, Slaiiford Uuiversitv, Stanford. Calif. (ir.S.. 1 .) 


in ilis tribute to Niels Finsen at the opening session of this ('ongross, Dr. Hollaeiuler 
in<li(”ited that considerable progress had been made at tlie Finsens Medicinski; 
bysinstitut in Copenhagen on the fundamental aspects of th«; action of ultraviolet 
radiations on cells. In the initial |)eriod following the disct)ver\’ in T.S77 of the bacteri- 
cidal el feet of sunliglit by Downes and Blunt' in England it wa<; not certain wliether 
the effect of sunlight was upon the organi.sm or upon the mi'dium, wla'ther oxygt u was 
necessary for the fcift’iSi. a'l in the case of photodyn.uuic action, nor what wavelengths 
of sunlight were most effective. Bic in Finsen ’s laboratory showcrtl that tlu; radiation 
acted directly upon the organism since the medium became toxic, only after a tremen- 
dous dosage of rjidiation whereas the organisms, were killed by relatively small ones". 
In another study he showed that oxygen was not necessary for U.V’. action". He also 
reported that the short band of ultraviolet radiations (U.V.) in arc light from 2000- 
2950 .A was 10-12 times a< bactericidal as the much more intense long wavelengths of 
U.V.', a conclusion which Bang", at the same laboratory, sui)portt;d with careful 
measurements of dosages. Hertel"- • in (iermany, working with only a few wavelengths 
of the ultrav'iolet reported that the .shorter the wavelength of the I,'. V. which he used, 
the greater ils effectiveness, judged on the basis of dosages. At thi- same tin>e many 
other interesting facts were discovered and technicpies .steadily impiovcd. However, 
after the turn of the century interest in such studies wancul. 

It was the work of (hates at Harx'ard in the nineteen twenties that gave gri:at 
impetus to further .studies on the effects of ll V. ( lates" showed that when the bacteri- 
cidal effectiveness of different wavelengths of U.V. is ju<lged on the basis of dosage, 
an action spectrum is obtained, which relates the relative* efficiency of the different 
wavelengths in killing bacteria. Ilertel’s tc'utative conclusion based on a small number 
of wavelengths was thus superseiled. (iates’ work was followed by many studies pur- 
porting to determine action spectra for various effects of U.V^ on cells". 

Dates also dt'monstrated that absorption of U.\'. by bactiTia iloes not correspond 
with the bactericidal ac.tion spectrum"*. He searchetl lor U.V. -absorbing substances in 
the cell whicli might have an absorption spectrum re.sembling the bactericidal action 
spectrum. This he found in the absorption by mixtures of purines and pyrimidines or 
substances containing the.se: for example, the nucleotides, nucleic acids and their 
derivatives". He therefore suggested that effects of U.V. on nucleic acids underlie the 
action of U.V. radiations on cells 

Meantime, discovery of other effects of U.V. were made, one of tlu: most interesting 
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being the production of mutations, a field particularly actively investigated by Hol- 
laender and his collaborators^®. They showed that the action spectrum for induction 
of mutations resembled that for the bactericidal effect i®. Other effects such as retar- 
dation of cell division under appropriate conditions show a similar action spectrum®. 

Not all effects of U.V. have an action spectrum like the bactericidal effect. Thus 
immobilization of ciliary activity in protozoa, sensitization of protoplasm to heat, etc. 
have an action spectrum much more closely resembling the absorption spectrum of a 
non-conjugated protein such as albumin or globuUn^'*-^®. Still other action spectra are 
found for initiation of parthenogenetic development in eggs and hemolysis of red 
blood cells®. 

Again, many interesting facts concerning the action of U.V. cells were discovered 
which defy cataloging in a brief introduction. One of the most interesting is the finding 
by Witkin^®'^® of a mutant strain of Escherichia coli, named B/r, which appeared 
among the survivors of strain B irradiated with a large dosage of U.V. This strain is 
also resistant to ionizing radiations. Another important set of studies are those on 
recovery of U.V.-treated cells and its dependence upon post-U.V. treatment i®, 
including hcat^®. 

It was at this time when interest in U.V. action upon cells was again lagging that 
our first speaker. Dr. Albert Kelner, made the dramatic discovery of the reversal ot 
U.V. damage upon the spores of Strcptomyces griseus by subsequent treatment with 
visible light ; that is, phetoreadivation. This discovery initiated a third period in the 
study of U.V. action upon cells. Many investigators, fascinated by the amazing fact 
of photoreactivation and hopeful that here they had a tool which promised to unravel 
the nature of radiation effects upon cells and give a further insight into life processes, 
l.'ft other studies to investigate this phenomenon. A large literature has accordingly 
accumulated and many interesting relationships have been uncovered. ,, 

This symposium was organized to presimt trends in the study of photoreactivation. 
To delimit the program the organizing committee asked that only work in progress be 
presented here. Consequently,- if many individuals who have made important con- 
tributions to photoreactivation are omitted from the program, it is onl)' because they 
have again turned to other problems. It is impossible here to review the entire field 
- • this has been done in the perceptive review by J agger®®, whom I wish to thank here 
for making many suggestions of individu;ils and ti.oics for this symposium. It is our 
loss that he was unable to come to this meeting. 

Our first sjjeakcr. Dr. Albert Kelner, will present the historical background to 
photoreactivation. Then follows a group of papers (Tageeva and Dubrov, Che.ssin and 
Biebl) concerned primarily with studies of photoreactivation in plants, a group of 
organisms not yet as completely investigated as animals and microorganisms. Dr. 
Biebl’s paper, which explores chemical protection from U.V., is included primarily to 
induce others to try similar studies coupled with photoreactivation. The next paper 
(Ehret) concerns photoreactivation in protozoa. The following group of papers 
(Schiff and Epstein, Kleczkowski, Kaplan, Pittman, Hanawalt and Maaloc, ind 
Fisher) represent analytical studies of specific phenomena as indicated by the titles. 
The papers on photoenzymatic repair of ultraviolet damage to DNA (Ruppert and 
Herriott, and Pakula) bring to a close the biological studies on photoreactivation. 
The last paper (Shugar) presents a possible model system to interpret on a molecular 
basis the way in which photoreactivation may work. 
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The discovery of photoenzy mafic repair of U.V. damage to DNA^i presents a 
unique opportunity to work at the molecular level on the process of photoreactivation. 
This finding may well initiate a fourth phase of U.V. studies, bringing them to the 
molecular level as has happened with so many other problems in cell physiology. 
Studies on the possible change in the nucleic acid molecules or their constituents 
discuss(;d in our la.st paper represent another aspect of the attack at the molecular 
level. It is a pleasure to present to you the various papers in this symposium. 
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HISTORICAL BACKGROUND TO THIC STUDY OF 
PHOTOREACTIVATION 

AMiKRT KliLNIiK 

Department of Biology, Bmndeis University, Waltham, Mass. (U.S.A.) 


As far back Jis 1904 HcrteP reported that visible light antagonized the ultraviolet- 
induced inhibition of protoplasmic streaming in I'Aodea. His experiments and other 
early ones were inconclusive and unconfirmed. We may better begin our history in 
1933 with the experiments of Hausser and Oehtneke^ on ultraviolet-induced browning 
of banana skin, and those of Whitaker^ in 1942 on ultraviolet7induced inhibition of 
growth in Vitciis. In both eases visible light reduced the ultraviolet effect. 

Unfortunateh' even thc:se studies made little impression on contemporary radio- 
biology; perhaps one reason was the interpretation of their data because of the nature 
of the material was also not clear <'ut. For example, visible light might have stimulated 
growth in Fucus by inducing photosynthesis, rather than by directly re\’ersing ultra- 
violet-caased cellular damage. 

Certainly in 1949 when photoreactivation of U.V.-inacti\ ated microorganisms was 
discovered** then; was little in current thi'ory to lead one to predict photoreacti\ ation. 
Many thought of high energy radiation affecting survival of the cell in an all-or-none 
fashion: a target was hit or not. If it was, that was the end of the c.(!ll. 

There was by 1949 however increasing ex’idence that the effects of radiations might 
be influencerl by post-irradiation conditions. Hollaender-’ had found that survi\'al of 
U.V.-irradiated fungus spores was influenced by post-irradiation storage in liquid 
menstrua. Luria* had discovered multiplicity reactiwilion. LatarjeU and others had 
observed that in .some cases survival of irradiated cidls incretised if they were kept 
cold for a period following irradiation. 

When we first observed recovery of U.V.-irradiated Strc/^tomyirs gri.-icus spores in 
our cultun; di.shes we a.scrib(?d it to post-irradiation storage of the cells in the cold. 
When experiment did not support a “cold-reactivation” we siiarcht'd for environmen- 
tal factors which might be causing the overwhelming recovery. Among the reasons for 
testing light (besides its presence in the environment) was we thought it might act 
like cold in inhibiting germination of the s|)ore and thus allow sjK)ntaneous recovery. 
(Incidentally, it did not inhibit germination). 

In this pajjer we cannot attempt complete citation of the literature. Recent reviews 
such as Jagger’s* do this well. 

Photoreversal in bacteriophage emphasized that light was probably reversing U.V.- 
caused damage to DNA. Much of our knowledge on the kinetics of photoreactivation 
came from Dulbccco’s fundamental experiments*'’ 

Many of the early works on photoreactivation tlealt with effects of reactivating light 
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on .'lUrvix’al (^r division of irradiati‘d cells, and there was a suspicion that only physio- 
logical (dfects such as these' were photoreactivable - - the' geniotic action of IJ.V. 
would not Ih‘ so ('asilv influenced by light. The de'inonstration that mutagenesis itself 
was as photoreversible^ ^ as other U.V. effects did its share* in stimulating the fusion 
of radiation physiology and radiation genetics. 

From ic)49 through the middle? t<)5o\s were elescrilx'd many of the basic fe*ature*sof 
photoreactivation, whiedi make it such a cpiantitatively preelictable ivae'iion: the 
kinetics, including the dose*-r('eluction rule, tin* dark re'action, and ae tion spectra for 
phot e)reacti vat ion. Hovve*ve‘r ne) undisjmted nu'e'hanisni was found, nor w'ere the 
molecules e‘onc(*rned identified. 

Phote)reae:tivation w’as founel in most major groups of organi.sms. AImo.st whateveT 

V. elid to the e ell was photoreactivable. from loss of viability, inhibition of growth, 
to the inhibition of aelaptive* e*n/.yme synthe-sis anel mutation. That .so many U.V. 
i‘ffecls weTO reactivable w'as sur})rising. Were there many inelepenele'iit |)hotore'ae-ti- 
x ation me'chanisms, or w'(Te thcTe only e>ne or tw'e> ki'y one's, w'hich cenild explain all 
tvjH'S of ])hotoreactivatie’)ns? 

Many thought a likely ke'v mechanism was that a U.V.-eau.s* .1 Ie*sion to DMA w-as 
re'paired by photoreae'tivation. 'riu'ie' was the* t'videTice from phage and from A rhacia^ '^. 
.Also von Tk)rste'P'» and (iiese^^* .showed that in some ce'lls. nucle‘ar. but not cytopla.smic 
damage- was phoKtieaciivablt'. Mewove-r erne* of the first detertable effe'e ts of U.V. on 
11 . cffli, anel one epiite photore've'rsible was inhibition of DXA synthesis* 

'I'hat a U.V.-cau.sed k'sion in DNA could be rej)aired by i)h()tore‘activation w^as 
finally [)roved by the n'lnarkable* eliscem'rv in 1(^57 by (ioe)elgal, Rupert and IleTi iott *** 
e)f ill vitro i)hotore*aclivaliem of U.V.-inadiated transforming principle DNA. 'Hus 
disi'ove'ry may mark the- bc'ginning e)f a new' phase in photore'activation research, 
with its ])romise that the biochemistry of photoreae tivatieni wall be clarifk'd. 

established mechani.sm was that light (togetheT with the elark 
nauiiem) repaire'd damage te) DNA, anel me)sl phe)tor('acti vat ions coulel be e.xplaine'el 
on this basis. This eainuH be the only me'chanism. for photop'.n tiv'atiem has be'eai 
elescril)eel in enucleate'd amoebae'-**, and in nerve e'cll cyte)plasm - ^ Tlievse cases have 
a me'chanism not involving DNA. 

The DNA tht'ory, eloe*s not explain w'e?ll photoivactivation otd'irnage (not nee:e?ssarily 
the primary elamage) te) cytoplasmic ele'ments, such as re'spirate)ry elements in 
yeasts-’-J, or chloroplasts in or in KNA plant viruse's-^. It is noteworthy 

that in both respiratory eleme*nts in yeasts, Jind chloroplasts w^e have selfre?plicating 
bodie's, with genetic functions. 'riu're'fe)re a more accurate generali/.ation (without 
excluding possibility of other mechanisms) which at jm^sent most of the data fits, is 
that it is U.V.-inelue*e'd tensions to sc'lf-replicating elements, whe'the*r in the nuedeus (;r 
cytopla.sm, which are plu)t()re*ae:tivable'. 

Tn closing, we a.sk whether .such a w'ieU'.spread phe-nomcnon, foune.! 111 most of the 
living world, w^e)uld exi.st unU'Ss it either had survival value in the past, or the same 
rea( tions (causing repair to genetic elements) liad .some <-ounterpart in non-irradiated 
cells. Photon?activation may be one ol sev('ral mechani.sms who.se function is to main- 
tain the stability of the genetic structure of the cell a stability essential to life as 
we know it. The di.scovery of something homologous to photoreactivation in the nor- 
mal cell, and understanding of its role in evolution would be a fitting part of research 
in photoH'activation. 


lit fcvcnccs p. 2yH 
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As is seen in the latest review of Dulbeceo’, photorcactivation in plants has been 
studied insufficiently. In order to study the probU'm of i)hotoreactivation in plant 
cells we used resting cells of the internal ('])idermis of onion scales (Allium cepa). In 
our (‘xperiments a quartz-mercury SVD-120A lamp of siiperhigh pressure was used 
as the source of radiation. 'Fhe (mergy distribution in tliis lamp spectrum is the follow- 
ing: visible area — 43%, UV spectrum 320-380 - 21%; 2S0-320 — IQ%, 200-280 

— 17% (Fig. t). Evaluation of the amount of IJV-radiation was carried out with the 
help of an l^id»v/uricter UV-I, dt'VTloped in our Institute under the direction of 
Professor M. V. Sokolov. 
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Pif?. I . The energy distribution in a quartz -mercury lamp of siiperhigh pressure, i io A . 


I'he UV radiation doses used in our (‘xperiments fell wHlliin the limits 0.5 • io*‘- 
1.5 • To"^ erg/cm^, given wdthin b to 180 sec of irradiation time without heating the 
epidermic cells, l.’iefore investigating photoreactivation we have studied the change 
of the functional state in epidermis cells after UV ii radiation and the shifts in physico- 
chi'inical indices which define ('ollular viability. We have studied in detail the changes 
of pH in nucleus and cytoplasm, changes of redox conditions (rHa), isoelectric points 
(I.E.P.), visco.sity, cytoplasmic movement, plasmolysis, and sorptive abilities of 
cells. As the result of these investigations the threshold doses of UV radiation which 
cause profound irrev^ersiblc chringes in the functional state of the cell were deter- 
mined immediately after irradiation. In Fig. 2 the threshold doses of U V radiation for 
various effects on plant cells are represent- ^ graphically. Cytoplasmic movement 
shows that the greatest sensitivity to UV radiation and movement ceases completely 
after a dosage of 2.0 • io« erg/cm^ (irradiation time 25 sec). The I.E.P. of cell colloids 
was most resistant to UV radiation : sharp changes in I.E.P. of nucleus and cytoplasm 
wer.e observed only after a dose of 8.0 • 10® erg/cm^ (irradiation time 100 sec). Plas- 
molysis and sorptive abilities proved to be very sensitive to the effect of UV radiation. 

Therefore principal attention in our studies on photoreactivation in plant cells was 
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paid to investigation of restoration of movement, electrocolloidal, sorirtive, and plas- 
molytic properties. Photoreactivation was realized by means of illumination of the 
irradiated epidermis sections with visible light for 15 min. 'I'he photoreactivation 
dose measured by Janishevsky’s technique constittited lo** erg/cm''^. As our investi- 




Fig. 2. The threshold doses of lit’' radiation 
for different physico-ch<Mnical indices and func- 
tional state in epidermal cells of Allium repa. 
(j)Cytoplasinic moveiiK'nt ; (2) redox conditions ; 
(j) pH of nucleus; {4) viscosity of cytoplasm; 
(5) sorptive abilities of C(‘lls; (6) pn of cyto- 
plasm ; (7) plasmolysis ; (8) pii lEP of cytoi)Iasm ; 
(9) pH of vacuole cape containing anthocyans. 


Eig. 3. The degree of ])hotoreactivation of 
different cell functions in epidermal cells (jf 
Allium (t‘pu. (1) Plasmolysis: (2) sorption abi- 
lities of cells; (j) pii UCl’ of cytoplasm; {4) 
ryto]>Iasniic movement; (5) pn lltPof niuU*us. 
The numbers abov** the columns show the thrt'sh- 
old doses of I'V radiation. 


gation clcmonstuited, \'arious (legn‘os of pliotoreartivation art' obsiTvt'cl in ]>liysia)- 
chemical factors and properties wliich reflect thi‘ functional state of tlu‘ irradiated 
somatic cells. This statement is illustrated t)v Fig. 3 where tlie degree of restoration 
of the various projXTties studied is representtxl graphically. 'Flic great(‘st dc'gree of 
re.storation is found for cytoplasm movement and tlie I.E.P. of tlu' nucknis and cyto- 
plasm. But, restoration of these factors occurs at different threshold doses. Cyto- 
plasmic movement is very sensitive to UV radiation, di'creasing rapidly ; at the same 
time it can be restored to a high degree by photoreactivatiori. This circumstance' 
enables to understand better both the photoreacti\'ation mechanism and the mecha- 
nism of primary UV radiation effects. It has I e.n shown that the dose that brings 
about complete cessation of cytoplasmic movement (2.0 • 10** erg/cm^) produces 
serious changes in morphological properties of cell mitochondria, a finding in agree- 
ment with a report in the literature^. We have sho\Mi a di.stinct correlatio!i between 
the. complete cessation of cytoplasm mox'c'ment and changes in morphological prop- 
erties of mitochondria. This leads us to suppose that both phenomena art' closely 
connected and reflect a primary cell reaction to UV radiation. We think that such an 
interdependence between cytoplasm movement and mitochondrial state can be ex- 
pressed, in particular, by the fact, that the latter j)n)vide eiUTgy-supplying material 
necessary for the process of movement, for example — A'FP. Support for this hypo- 
thesis on the primary mechanism of UV radiation comes from the finding that cyto- 
plasm movement stopped by UV radiation can be restored to the normal level l)y 
addition of ATP in optimal concentration of lo*^ 3/. This circumstance leads us to 
believe that the disturbance of oxidative phosphorylation the cause of UV damage to 
somatic cells. Similar views have been expressed by other investigators (Beyer^, 
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Jost and Robson'*). On this basis the mechanism of pliotoreactivation in this case can 
be explained as the restoration of oxidative phosphorylation. Photoreactivation of 
enzymatic systems damaged by UV has already been postulated as the mechanism of 
photoreactivation (Errera®) . 

The action spectnim of photoreactivation, defin«>d with glass light filters, by the 
sorption of fluorochrome acridin-orangf' within vacuoU's of l ells shows a maximum 
in the region 420 iwfi ; this is an indication of the possible participation of a flavine 
system as an acceptor of reacti\’ation light. 

Plant pliotoreactivation has ecological importance (('liese**). 'I'his can be illustrated 
by the papers, which jjoint to the great formative rol<! of UV rays and their (luanti- 
tative correlation in the whole, solar spectrum (Brodfiihrer'). In some investigations 
the addition of short-wave irradiation from artificial sources of UV radiation at the 
background of the intensive radiation coiulitions in high mountains leads to the inten- 
sive growth and development of plants, in exiM-riments of Professor (iurskii (personal 
communication, ic/)o). 
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A PHOTOREVERSIBLE EFFECT OF ULTRAVIOLET LKiHT ON 

CHLOROPLASTS 

M. CHliSSIiN 

Department of liotany, Montana State University Missoula, Mont. (U.S.A.)* 


In connection witli experiments on the mechanism of photoreactivation (PR) of 
ultraviolet light (UV) — irradiated bean leaves, 1 have observed the apparent 
photoreversible disappearance of the chloroplasts in the guard cells of epidermis 
stripped from such leaves twenty-four hours after dark incubation^. The use of phase, 
optics gives the same results as ordinary Ught. Starch also disappears from such plas- 
tids, which may partly account for the re.sults. 

Unexpectedly, even where leaves are given lo the minimal dose for plastid 
"disappearance”, a high percentage of those few stomata which are still open function 
osmotically, as indicated by reversibh* plasmolysis deplasmolysis. 

Recently, I had the opportunity to study irradiated plastids by means of fluores- 
cence microscopy in Dr. S. Wildman’s laboratory. Surprisingly, where no guard cell 
plastids could be observed by ordinary light or ])hase optics in irradiated leaves, 
discrete spots with the characteristic red fluorescence of chlorophyll could be seen 
easily when viewed in the fluorescence microscope. At higher UV'^ doses, howler, even 
these fluorescent spots disappear. 

Apparently, there is some loss of plastid structure as a result of UV treatment 
{2537 A) as indicated by observations with ordinary light or phase microscopy. 
However, the results of fluorescence microscopy show that the chlorophyll-binding 
skeleton (grana?) is more resistant to UV than some other parts of the plastid. 

Schiff ct al.^, have demonstrated that at low doses of UV, plastid development in 
Euglena could be suppressed without interfering with .subseijuent cell division, thus 
giving rise to chlorophyll-free clones. At higher doses cell death results, although 
plastids app'arently do not disappear if they are already present. 

We have no concrete evidence for such a difference in UV sensitivity between 
plastid formation and cell viability, .since our experimental materitf consisted of cells 
incapable of division. However, there is some indication that plastids are mo’^e .sensi- 
tive to damage by UV than are some guard cells to loss of function. 
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PKOTECTION AGAINST THE EFFECT 01 * SHORT-WAVE 
UV-RAYS ON PLANT (TILLS 

RICllARn lilKBL* 

Plant Physiological Institute of the i University, I icnna (A nutria ) 


'Fhc sc'arc h for chemical substances to act as protective substances against the* effects 
of ionizing rays {nc-, fi-, y- and X-rays) today constitutes an important field of study in 
radiobiological research. This is due not only to the (expected practical importance of 
thes(* investigations but particularly to the resulting theoretical conclusions on tlu' 
primary radiation effects in th(‘ protoplasm. Summari(‘s on this subject have been 
given, among'.!'* Ml.crs. by Hollaender ct alA, Kait] and Alexand(‘r-, Langendorff**, 
Pany* and Fritz-Niggli*^. 

riierc* is general agreement that thes(‘ protective substances cannot influence the 
“hits*’ themselves, but can only affect the chemical products formed as a consequence 
of irradiation, as they appear in tlii' aqueous ])hase of the ])rotoplasm in the form of 
free' radicles, peroxides, and ions. Although the activi* mechanism of the substances 
which prot(?ct from ( hemical radiation has not yid b(H‘n elucidated in detail, there is no 
doubt that their effect is ultimately due to the neutralization of th(* chemically highly 
active ionizing products which arise at the moment of irradiation and which endanger 
the normal cell meteibolism. 

On the other hand, the fact that plant cell., can be juou cted by means of such 
chemical substances to a considerable degree against the leth.il effects of the short- 
wave ultraviolet r*ays of an ordinary quartz analysis lamp, shows that the* short-wave 
ultraviolet rays lead to similar disintegration products in the protoplasm which are 
similar to those caused by ionizing ravs in the narrower sense of the term (cf. Living- 
stoii*'*). 

So far we have been working primarily with thiourea (BiebP ; Biebl, Url and Jiinecek^) 
and have been using for objects the inner and outer cpidermata of scales of Allium 
cepa, as well as leaf epidermata of red cabbage {Jirassica oleracea) and Rhoco discolor. 

The slices were placed for irradiation on moist filter paper, and were half-covered 
by means of a Schott WGs filter-glass, through which only rays of a length exceeding 
ca. 310 m/jL can pass. As the filter-screened slk halves did not show any damage even 
after the longest irradiation times, the changes occurring in the fully irradiated halves 
may be attributed to the action of ultraviolet rays shorter thiin 310 m^. Observations 
were made in all cases 24 hours after irradiation. 

A comparison of the effects of pretreatment of one onion inner epiderm for 

* Research carried out with the* support of the International .Vtomic Knergy Agency. I he 
comprehensive publication will ajipcar in German in Protoplasma, 53 l 3] (ig6i). 
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30 mm with o.i M thiourea and of others with various other osmotically active sub- 
stances such as urea, glucose, KCl, CaCl2, or glycerine showed that thiourea is the 
only one of all these substances which possesses the protective effect. The lethal 
irradiation duration is usually extended by two- to threefold after treatment with 
O.I M thiourea, compared with the lethal duration in slices subjected to irradiation 
without any pretreatment. 

A comparison of the pictures of un-pretreated and pn^treated inner epidcrmala of 
onion scales shows that 24 h after i min of I'V irradiation from a distance of 23 cm, 
only dead cells with detached, coagulated protoplasts wore present in the tin -pretreated 
slice, whereas the cells of the slice subjected to 30 min pretreatment with o.r M 
thiourea were all alive and, in a hypertonic gluco.se solution, .showed fine, biconvexly 
rounded plasmolysis forms. In red cabbage leaf epidermis, the death of cells was clearly 
recognizable by the flowing out of the cell sap coloun'd red by anthocyan. After 2V2 
min of UV irradiation the un-pretreated cells, irradiated on water, were dead and 
discoloured. The cells pretreated with thiourea, however, were all alive. 

In order to determine the necessary duration of pretreatment, slices of onion inner 
epidermis were placed in 0.1 M thiourea 30, 15, 10 and 5 min before irradiation, and 
were subsequently irradiated on thiourea-soaked filter pap(;r. 'I'he protective effect 
after 5 min pretreatment was only slightly less than that after 30 min pretrealment. 
Thus thiourea must have entered the coll in sufficient (juantities very quickly. 

A further experiment, in which slices pretreated at different durations in thiourea 
were, immediately before irradiation, replaced in water for 5 min and then irradiated 
on water-soaked filter paper showed that thiourea does not enter into a firm bond 
with any part of the cell. It was only in the slices ])retreat('d for 30 min that a very 
slight protective effect could still be noticed. The effect of 5-15 min ])retreatment, 
how’ever, was completely removed by' placing in water for 5 min. 

In further tests, slices were irradiated without any pretreatment, only on thiourea- 
soaked filter paper, and in these cases, *a noticeable ])rotective effect was again 
achieved. It must be particularly emphasized that the upper side's of the slice's wc're 
always blotted with dry filter jiaper Ix'fore irradiation, so that during irradiation they 
were never covered by a liquid layer. 

Finally, to facilitate a compari.son with the slices pretreated for 30 min and conse- 
quently well protected, slices were irradiated without any pretreatmenl on water- 
soaked filter-paper, and were, immediately after eradiation or only after resting in 
water for different lengths of time, placed for 30 min in Ihiourea. In none' of the.s(' 
cases could a definite protective effect be achieved. 

The great role played by the quantity of thiourea present in the cell at the time 
of irradiation is illustrated by the following experiment. Wlien slices of the inner 
epidermis of onion .scale are placed in 0.001-0.5 ^ thiourea at equal pretreatment 
times of 30 min, and are afterwards irradiated on filter paper soaked witli solutions of 
the same concentrations, the limit of the just noticeable protection is found at 0.05 M 
thiourea. 0.001 and 0.01 M thiourea are urteffective. With rising concentrations of 
thiourea the protective effect increases. A pretreatment in 0.5 M thiourea once more 
increases the protective effect of 0.1 M by the fourfold (Table I). 

The protective effect of thiourea against the lethal effect of short-wa\'e UV rays 
can thus be considered as proved. 

Among the most sensitive, regularly observable reactions of the protophusm of the 
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TABLIi J 

Allium repa, iNNKR-EriOKRMis of onion scalk. dkpkndence of raocation pkotkction on the 
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inner epidormis of onion scales against considerablj' sublelhal l-V irradiations (15 
see) is tlie increase in icaier fiermcahiliiy Toth**, Hiebl and Url***). It 

pr(‘ss(‘s itself in a faster onset of ])lasmolysis in the fully irradiat(‘d slice half as com- 
j)ari‘d with the W(ia screeiu'd ( ontrol half. Together with this, there occurs, as a 
cons(Hjuenc(‘ of irradiation, a decrease in viscosity, which is shown in a faster and finer 
rounding of the fully irradiated protoplasts in plasrnolysis. 

riie outer epidermis of onions, on the other hand, shows, as a result of sublethal 
irradiation, a ('onsiderable blocking;, of \*lyccrine permeability. When outer epiderniata 
of an onion scale half-scrtM'iied for \ min (lethal dose with 5 nii.i irradiation) by a Wfis 
filler are placed in a i.o ;]/ glyccTine solution imuK'diately a;'t»*r irradiation or 24 h 
thereafter, there at first occurs a normal [)lasmolysis in both cases. After some 
lime, however, plasrnolysis re<'edi?s again in the screened control half due to gradual 
glyceriiK' permeation, whereas in the fully irradiated half it is retaiiK'd due to th(^ 
permeability blocking caused by irradiation. 

It could thus be e.\p(;cted that thes(' plasma properti(\s should yield the mo.st sen- 
sitive test for the effect of thiourea over the sublethal irradiation range. We were 
much surprised to find that these radiation-conditioned permeability and viscosity 
changes are not influenced in any way by thiourea. As in the slices irradiated on water 
without any pretreatment, the inner epiderniata of onion scales in which the lethal 
dose for cells had been raised by three- to foL . fold or beyond by means of thiourea 
protreatment, showed after 15 sec irradiation and after immersion in a hypertonic 
solution, an earlier onset of plasrnolysis and a finer rounding of the protoplasts than 
could be observed in the halves of the same slices that had been screened during 
irradiation by the Wfir, filter. And the outer epidermata of the onion scale irradiated 
with sublethal doses exhibited after pretreatment with thiourea the same blocking of 
glycerine permeability as could be seen in the un-pretreated controls. 
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It seems that there is a difference between the wave-lengths of the UV-radiation, 
which cause changes in permeability and viscosity of the protoplasm and the ones 
causing the death of cells. 
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NOTE ADDED IN PROOF 

The valuable suggestions arising from the discussion ha\'e led to further, comple- 
mentary experiments. This is a summary of the results: 

(7) Experiments in whicli quartz cuvettes filled with various thiourea concentra- 
tions were used as filters showed that concentrations corresponding to a o.i M thiourea 
layer of 5 // or 10 // thickness respectively protect the underlying epidermis slices of 
Allium cepa in a similar way as does a 30-min pretreatment with this solution. 

(2) This seems to prove that the physical absorption of UV-rays in the thiourea 
contained in the cell, does in fact constitute the es.sential factor of the j[)rotection 
observed after thiourea pretreatment. 

(3) A quartz cu\'ette, filled with 2% acetic Jicid of i cm thickness, still protects 
the underlying epidermis -slices from the effect of the UV-radiation to a considerabk? 
extent. This proves that the UV-source used emits also harmful rays shorter than 
230 m//. 

(4) In this short-wave UV-range, below 230 m/i, the possibility of increased for- 
mation of ions, radicles and peroxides exists. Therefore it may be presumed that hen* 
a chemical protection develops. 

(5) However, it has not been possible to establish with certainty, whether or not 
in our experiments, the thiourea pretreatment also gave a slight chemical protection. 
The essential protective effect, as shown in Table I, is undoubtedly due to the physical 
absorption of the short-wave UV-rays by the thiourea mainly contained, possibly even 
accumulated, in the cell wall. 

(6) The experiments will be continued with other substances. 
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photoreactivation of ITLTRAVIOLICT-INDUCED CONJUGATION 

DELAY IN PARAMECIUM* 

fllARLKS I*'. KHRKT 

Division of Bioloffical and Medical Research, Argitnnc Sulional Laboratory, 

Ar^onnc, III. (U.S.A.) 


Tilt* critmon of damage and repair in many in vivo studies of photoreactivation is 
usually some measure of cell viability or of fission probability that involves nuclear 
mitoses. Two measures not involving nuclear mitoses have been made in Paramecium 
hursaria. The first, clearly not involving DNA replication, is that of U.V. induction 
and photoreact’?^^ of induction of phase shift of the circadian rhythm for mating 
capacity. From experiments ri'ported (dsewher(‘, this (‘ffect can be correlated with 
FXA or witli nucleotidc'-coimzyme syntheses which continm* rhythmically even in 
non dividing cell populations^ 

The s(Tonfl iTK^asure, also in non-dividing c(‘lls, is that of conjugation delay. 
During conjugation, two m<‘iotic divisions and one eq national division of each panmtal 
micTonucleus result in th(‘ production of a migratory and a stationary pronuedeus 
within each pan^ntal cell. A reciprocal exchange Ixdween migratory pronuclei occurs, 
and is follow('d by the formation of a zygotic nucleus in each cell. About twt^nty-four 
hours after mating the cells separate to form new clones. Far-ultraviolet irradiation 
induces conjugation delay; this is dose-dependent, and at high do.ses some ctdls die 
while still fused. 

Sensitivity to ultraviolet (254 in//) appears to increase slightly until late prophase 
of the first meiotic division, after which it decreases signifieantly. Conjugation delay, 
tluTefore, correlat(\s clo.sely with inhibition of meiosis, and is probably caused by 
damage to this mechanism. This dainag(* is photoreactivable with a dose nxluction- of 
about 40*^0- 

The magnitude of photoreauTivation was not dimini.shed when reactiv'ating light 
was applied wdthin 2.5 h after U.V., i.e., up to the tim(? of early prophasc. Photo- 
recovery was dticidedly less when light was applied 4-6 h after ultraviolet treatment, 
during crescent to late propha.se. How^ever, instead of diminishing further, the magni- 
tude of photoreactivation showed a slight inu»'ase after prophase, when the control 
population was in metaphase-telephase, 6.5 h after U.V. In general, the most photo- 
reactivable stage is preprophase, and photoreactivation appears consistently least 
effective between early and late prophase^. 

The action spectrum for the photoreactivation of conjugation delay has been 
measured in conjugating cells in which inactivating and “reactivating” treatments 

* This work was performed under the auspices of the IJ.S. Atomic Energy ( ommission. 
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both were applied before meiotic prophase. A high irradiance grating spectrograph 
yielding a linear dispersion of i A per mm on the focal curve over the range from 
2200 A-8000 A was employed. The reduction of conjugation delay and of the prob- 
ability of death while fused were measured separately as a function of wavelength 
(Fig. i). Each measure revealed (r) a single broad peak of spectral efficiency at 
420 m^u, (2) enhancement of the deleterious effects of far U.V. by wavelengths shorter 
than 340 mfi, and (3) in the induction of half-ma.ximum effects by either 254 m/* 
(delay) or 420 m^ (reactivation) the ratio of number incident epuanta at 420 m/n per 
number of incident quanta at 254 tn/i is over 50 to i. 



Fig. I. Action spectrum for the photorcactlvcition of I ’A'. -induced conjugation delay and of 
death during conjugation in Paramecium hursaria. 


Symbol (j\V. dose Phtr 

•.0,1..] 3000 ergs. 'nim* delay 

X 4500 (irgs; . n m 2 death 


While the photoreceptor is not uniquely charHcterizable, the action spectrum is 
grossly similar to that observed for photoreactivation in scivcral other cells, and may 
represent Paramecium bursarias own assemblage of chromophores in association 
with the Rupert Goodgal type of enzymes. 

ACKNOWLEDGEMENTS 

I am plea.sed to acknowledge the capabje assistance of Paul Ellwanger and Gloria 
Kokaisl in the action spectrum determinations. 

RKFEKENCES 

1 C. F. Ehret, Cold Spring Harbor Symposia on Quantitative Biology, 25 (i960) T49. 

2 C F. Ehret and J. Frakmrs, Argonne Natl. Lab, R^pts., 5518 (1956) loi. 

2 C. F. Ehret, A. Votava and L. Harrer, Argonne Natl. Lab. Repts., 5655 (1956) 47. 



289 


ULTRAVIOLET INACTIVATION AND PHOTOREACTIVATION OF 
CHLOROPLAST DEVELOPMENT IN EUGLENA 

JHRCJMK A. SCHIKK, H. T. KI’STKIN ani> ItARVARU l.YMAN 
De/fartmeut of Biology. BrandeU Uuiversitv, Wtillham 54, Mass. 


Tho with which chloroplast development in V.ugh'na can be controlled by environ- 
mental conditions' led us to adopt this system to study the development and inherit- 
ance of a cell organelle, in this case the chloroplast, both as a means of understanding 
how the chloroplast develops as a functional unit, and to learn something of the pro- 
cesses controlling intracellular differentiation. Ultra-violet light has provided a useful 
tool in attaj'king these problems .sinci* it s«'lectively inhibits culoroplast formation in 
the progeny of irradiated cells- 



Our earlier .studies on Luglena (;stablished the following®: ( 1) susjx>nsions of light- 
grown cells (containing chloroplasts) which had been given snblethal doses of 2537 A 
TJ.V. yielded colonics of chlorophyll and chloroplast- free cells (“albino" colonies) 
when plated under non-photoreactivating conch - ions; (2) the number of green colonics 
formed under these conditions approached zero at U.V. dost's which did not affect cell 
viability; ('jyl when the same .suspensions were plated under photoreactivating condi- 
tions, 100% photorevc'rsal of the U.V. effect could be achieved; (4) suspensions of 
dark-grown cells (lacking chloroplasts or chlorophyll) when irradiated yielded the 
same pattern of inactivation and photoreactivation as green cells when plated under 
conditions which permit chloroplast formation ; ('5,) cells obtained from albino colonies 
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produced by U.V. never revert to green and always 3deld colorless clones through 
extensive subculture in light or darkness; aa.6.(6) sectored colonics found on plates of 
irradiated cells were interpreted as arising from cells in which chloroplast formation 
had been partially inactivated by U.V. This suggested the presence of particles within 
the cells which might contain nucleic acid, which arc heritable, and which control the 
formation of chloroplasts. Our more recent work* which we will describe now supports 
this hypothesis. 

Our measurement of the action spectrum for the U.V. effect shows peaks in the 
vicinity of 260 and 280 m^ indicating that the chromophorc might be a nucleoprotein 

(Fig- I)- 

We have compared the U.V. doses required to yield a given numlxir of albino 
colonies and find that the dark-grown cells arc twice as sensitive as the light-grown 
cells. This finding admits of at least three interpretations \(i) Thiit there is a change in 
the chemical nature of the chromophorc during chloroplast development, ( 2) that the 
chloroplasts in the light-grown cells shade the chromophorc containing particles or 
(3) that the chromophorc-containing partic'lcs actually become incorporated into the 
developing chloropla.st and are thereby shaded. 

Our earlier data indicated that the photoreactivability of the U.V. effect decayed to 
zero over a five-day ixsriod. Experiments were carried out to determine the kinetics 
of decay. Dark-grown cells were given a dose of U.V. sufficient to yield close to 100'^^’ 
albino colonics when plated under non-photoreactivating conditions. 'I'hest; cells were 



Fig. 2. ^ = % pr. in resting cells; x — % pr. in growing cells; • — growth of irradiated cells; 
— growth of irradiated cells in resting medium. 

then inoculated into growing and resting medium in the dark. Aliquots were taken at 
various times thereafter and were plated under photoreactivating conditions. The 
results shown in Fig. 2 show that photoreactivability of the cells falls off rapidly 
when the cells are permitted to divide. Under non-dividing conditions, the cells 
remain completely photoreactivable indefinitely. It is possible that U.V. is acting to 
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pr(.*v<;nt the replication of chloroplast-forming entities at coll division and that these 
entities are being distributed randomly among the progeny accounting for the decay 
in photoreactivability as the cells divide. We are currently undertaking a mathemati- 
cal analysis of the data to see whether this hypothesis is justified. 

'I'o find out whether the light induction of chloroplast development in I'liglena was 
related to photoreactivation (PR), an action spectrum was measured for PR of chlo- 
roplasl formation. As seen in Fig. 3, the effectiveness spectrum has a broad peak in the 
near U.V., .similar to PR in other systems such as E. (ireen or red light is com- 

pletely ineffective. This separates PR clearly from the light induction of chloroplast 
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WAVELENGTH (A) 

I'ig. 3. • expt- i; O - t*Xpt. 2. 


dovelopmont since Nishiniura** has sliown that th‘^ action sjx'ctrum has |)(\'iks in the 
blu(* and red regions of the spectrum, so vve conclude that th(‘ chromophores for PK 
and chloroplast indue lion ari^ different. 

I'he (lifferimces in these action spectra have enabled us to design expiTiments which 
lurther circumscribe the action of in this system sinci' it is now possible to induce, 
chloroplast formation in U.V. -treated cells without bringing' about concoinmitant 
photoreactivation. If dark-grown cells which have bec*n giva^n a U.V\ dosi? sufficient 
to yield almost ioo^\', albino colonies when plati'd are t^xposed to red light, wi* find 
that the transformation of protochlorophyll to chlorophyll still occurs normally, 
'rhis shows that U.V. docs not act at this early stage of cldoroplast formation. A 
second exjXTimont carries this further. The irradiati^d dark-grown c(*lls are inoculated 
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into resting medium and are exposed to red light. ChJoroplast and chlorophyll 
production are followed by subjecting aliquots to fluorescence microscopy at various 
times after U.V. As may be seen from the summary in Table I, chloroplasts and 
chlorophyll develop normally in the U.V.-irradiated cells. When aliquots of these 
greened cells are plated under non-photoreactivating conditions, loo"^ albino col- 
onies are obtained. Tlie controls show that the cells are still capable of being photo- 
reactivated at the end of the experimental period. This experiment clearly shows 
that the effect of U.V. is not on chloroplast development from precursors in the dark- 
grown cells, but that U.V. inhibits the replication of chloroplasts, or the sites that 
make them, at cell division. 

On the basis of the above experiments, we infer that there are heritable nucleo- 
protein entities in the cells which control chloroplast development. The absence of 
lethality when chloroplast-forming ability is inactivated completely, the experiments 
on PR decay, the presence of sectored colonics on the plates and the difference in 
sensitivity of dark and light-grown cells all suggest to us that the sites involved are 
cytoplasmic. 

We have attempted to find structures in dark-grown Kuglena which serve as 
chloroplasts precursois in the hope that these might be identical with the U.V. 
sensitive sites mentioned above. Fluorescence micro.scopy*“ show'ed the presence of 
red-fluorescing particles in the dark-grown cells. These could be seen to enlarge when 
the cells were placed in the light and eventually de\'eloped into mature chloroplasts. 
'fliis has been supported by our recent findings with eh:ctron microscopy which re\'eal 
precursor particles about i (a in diameter in the dark-grown cells. During development , 
these enlarge and develop a lamella ted structure. The formation of lamellat; appears 
to be linear with time, the time to make a -lamella being of the order of b h. The first 
detectable photosynthetic oxygen evolution appears to be correlated with ‘the ai)pear- 
ance of the first lamella^^. 

Our efforts in the future will be directed toward finding out w'hether the 
sensitive entities and the structures found by fluorescence and electron microscopy are 
identical as well as correlating the steps in chloroplast formation with their physio- 
logical functions and .seeking to understand the mechanisms controlling this typ(' of 
cellular differentiation. 
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PHOTOKEACTIVATION IN VIRl^^ES AND PLANTS 

A. KLK(*/K()VVSKI 

Rothamsted Experimental Station, Harpendcn, Hertfordshire (Great Britain) 


As illfcctivity of i\ virus soctos to hv a function of its nucleic acid, we assume that 
inactivation of infeetivity of a virus by II.V. and its photoreactivation by vrsible light 
both result from effects of these radiations on the nucleic acid. Inactivation is a tlirect 
etfcct ol radiation on the nucleic acid, whereas photoreactivntion sc'ems to be an 
indirect eth'ct, radiation (‘nergy Inmig first absorbed by some mat(*rial that belongs to 
the host. Photoreactivation of viruses or oi their isolated mu:KMc. acids has .so far been 
achieved only inside their hosts. 

Most bacterial^and plant virus(*s that have bei‘n te.sted so far, showed thi' phenoin- 
I'non of photofeac’tivalion, and only a few plant viruses did not. As lar as 1 know, no 
animal virus has ever been tested. 

The only virus whose inactivation by LJ.V. and that of its nuckac acid has been 
investigated quantitatively, is tobacco mosaic virus (TMV). It belongs to a few j^lant 
viru.s(\s whose inactivation by U.V". can not be reversed by photoreactivation, but 
inactivation of its isolated infectious nucleic ac'id can be partially reversed by photo- 
reactivation (Bawdeii and KleczkowskP). 

The fact that becomes immediately obvious when a comparison is made bid ween 
inactixation by U.V. of infivtivity ol intact TMV and of its isolated nucleic acid is 
that the nucleic acid inside the intact virus is very much mon* resistant to U.V. than 
it is when i.solated (McLaren and Takaha-shi-; Haw^den and k!t*czkowski^). There is 
some protection of nuclcdc acid from U.V. inside the virus hei in*se of shading by pro- 
tein, but this is relatively small, and what I am ( onsidering now is the fact that nuchne 
acid it.self is very much more re.sistant to U.V. when it is a part of the virus than when 
it is isolated. When th(* isolated nucleic acid is irradiati*d by U.V., about half of 
absorbed radiation energy causes the kind of damage that is reversible by photo- 
reactivation and the other half causes damage that is not reversible. When intact virus 
is irradiated, inactivation of nucleic' acid by radiation energy absorbed by it progresses 
at a rate that is roughly only about i/ioth of that of fret'- nucleic acid, and the kind of 
damage that is reversible bj’ photoreactivation does not occur at all. 

The probable reason for the greater re.sistanc'c* to U.V. of the nucleic cicid when it is 
a part of the intact virus than when free, is that the bonding between the nucleic acid 
and the protein reinforces the structure of components of nucleic acid. The degree of 
protection of nucleic acid by protein may vary between different viruscis and even 
between strains of the same x'irus, like for example the strains Ui and U 2 of IMV 
(Siegel, Wildman and Ginosa^). The results obtained by Kassanis^ suggest that the 
nucleic acid of a tobacco necrosis virus is protected very little or not at all by the 
protein component. These differences between viruses, or between strains of viruses, 
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can be explained by assuming differences in the nature of bonding between jirotein 
and nucleic acid. 

The fact that in tobacco mosaic virus the bonding with protcnn completely protects 
nucleic acid from the kind of damage by U.V. that is reversible by photoreactivation, 
so that only irreversible kinds of damsige can occur, explains why this virus is not 
photoreactivable after irradiation with U.V. It is (juite possible that different nucleic 
acids may differ from one another intrinsically in the extent to which the damage 
by U.V. can be reversed by photoreactivation, but the way in which nucleic acids arc 
bonded with protein in different viruses or in different other organisms may certainly 
influence the degree to which they can be photoreactivatod after irradiation with U.V. 

When inactivation of a virus by U.V. is investigated by irradiating free virus in 
controlled environment, usuall v quite consistent and reproducible results are obtained, 
and the only factor that makes results of .some computations uncertain, is the uncer- 
tainty as regards proportions of absorbed and scattered radiation energy. When, 
however, inactivation of a virus is intended to be investigated inside the host plant, 
the problem becomes complicated not only by the pos.sibility of U.V. affi-cting the 
host itself, but also by the possibility of protection of the* virus from U.V. by the host 
plant. There was a tendency in the jiast among some plant virus workers simply to 
ignore these possibilities. 

There is, first of all, the lethal effect of I.I.V. on plant cells. This can be reversed to 
some extent by photoreactivation (Bawden and Kleczkowski-'* ; Tanada and Hen- 
dricks*'; Chessin*), but there is no quantitative information available to show either 
the rate at which plant cells are killed or the extent to which this is re\'erse<l by 
exposure to visible light. The cell that has not be<;n killed by U.V. or has been pre- 
vented by photoreactivation from dying; may, however, be altered in various ways 
and one of them may be a change in response to infection by a virus. There may be 
many different ways in which responst' of a cell to virus infection can b»; alten;d, but 
the only alteration in plants that has been studied so far concerns the capacity to 
support virus multiplication to the extent of forming local lesions. 'I'hc effect of U.V. 
on capacity was assjcsscd from alterations in numbers of local lesions produced by- 
inoculating with a standard inoculum after irradiating the plant. Hence thi;re is no 
way of knowing whether irradiation affects c -nacity by influencing only the initiation 
of infection, only some later stages in the piocess, or both the initiation and the 
development of infection. 

Susceptibility of capacity to U.V. varies very <-('nsideral)ly not only between differ- 
ent species and varieties of plants, but between plants of the same variety and be- 
tween leaves of the same plant, and it depends on such factors as the age of the plant, 
the season of the year, temjxjraturc and illumination for a .sliort time before irradiation 
with U.V., etc. (Bawden and Kleczkowski’ ; Sinha*). It is not possible, therefore, to 
give any quantitative relationship between the amount of iriadiation per unit area 
of leaf surface and the effect on capacity that would be generally applicable to any 
particular variety of plants. 

Fig. I gives an example of the variation*. Numbers of local le.sions formed on leaves 
of Nicotiana glutinosa inoculated with TMV after they had been irradiated with U. V., 
shown as percentages of those formed on non-i»-radiatcd control leaves, are plotted 

* Slide shown during the (Vingrcss. 
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against the dose of irradiation. Experiment i was done in the summer and Experiment 
2 in the winter. The lines marked L show the results obtained on the leaves that were 
exposed to daylight after irradiation with U. V. and the lines marked D show the results 
obtained on the leaves that were kept in darkness for 24 h after irradiation. Differences 
between the positions of corresponding points on lines L and D show tlie extent of 
photoreactivation. Obviously capacity of the plants raised in the summer was much 
moni resistant to U. V. than that of the plants raised in the winter. It can also be .seen 
that when photoreactivation did take place, capacity of the irradiated plants at first 
increased above the original level, and then fell down as the dos(^ of irradiation in- 
creased. 

In usual conditions photoroactivation of a plant’s capacity takes a few hours to 
reach completion (Sinha®). With such a stable virus as TMV, full extent of photo- 
reactivation of a plant’s capacity can b(^ demonstrated almost irrespective of whether 
the virus is inoculated when photoreactivation is already complete, or whether it is 
inoculated immediately after irradiating the plant with U.V. A virus particle can 
apparently survive in a site whose capacity to support virus multiplication is destroyed 
by IT.V., and start multiplying when capacity of the site is n Ton'd by photoreacti- 
vation. On the other hand, when the plant is inoculated with free nucleic acid isolated 
from TMV, full e>&^ent of photoreactivation of the plant’s capacity can only be shown 
if inoculation is done alter photoreactivation has reached completion. Nucleic acid 
that can not immediately start multiplying because capa.city of the sites is destroyi^d 
by U.V., apparently becomes inactive, and can not start multiplying when capacity 
of the sites is subsequently restored by phot orcacti vat ion (Bawden and Klec/.kowski^). 
Behaviour of some other viruses or 01 their isolated infectious nucleic acids can be 
intermediate between the two extremes. The behaviour of red clover mottle virus 
(Sinha«) is an example. There is also some variation in the behaviour of each virus that 
seems to depend on the condition of the host plant. 
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PHOTOREVERSAL OF c-MUTATIONS INDUCED BY U.V. IN THE 
EXTRACELLULAR PHAGE KAPPA 

U. W. KAPLAN 

Microbiological Institiitv, Johann Wolfgang Goethe University, 

Frank furl I Main (Germany) 


Mutations of the T-pluiges or A of li. colt arc induced by radiation only when the host 
bacteria are also irradiated (Harm*). Recently Krieg-* demonstrated that ran; mu- 
tations of the rll region appear after extracellular U.V. -irradiation of jdiage 1 * 4 . 

In the phage Kappa of Serratia ntarcescens, Rllmauer and Kaplan'* observed \ip to 
about 1.5% clearplague (6-) mutations after U.V'.-irradiation of only the extracellular 
phage particles. This temperate phage forms turbid ])la()ues with a violet diffu.se halo 
in the red layer of the indicator bacteria (.strain Senalia FI Y). The mutant pla.jues are 
completely clear (c) or still a little turbid*, probably due to a reduction of the lyso- 
genizing power. 'Phe degree of clearness is a specific character of each mutant type: 
about 1/3 of all mutations are .still more or le.ss turbid. Other typesof pla (pie-mutation, 
e.g. with a red, a pale or a sharp limited halo, are extremely rare alter U.V'. irradiation. 
Therefore it seems that the c-region of the genom is preferentially mutabTe by U.V. 
This view is supported by the observation that all of 12 isolated c-mutants, when 
investigated by U. Winkler with the mixed-infection test of Kaiser"*, proved to be 
functionally allelic, i.e. they are mutated in the same ci.stron. Rec(‘ntly, recombination 
between other loci were found by Wolf-Ellmauer (unpublished). Further support is 
given by the discovery by S. K. Hose (unpublished) that nitrous acid induces many 
other types of mutations besides the c-type. 

The, U.V.-dose curve of the c-mutations has the shajie of a 2 hit function with a 
saturation level betw(;en 15-20 per ro** survivoi^.. The inactivation of reproduction of 
the phage is a i hit process. 'Phis indicates that the two effcids are due to different 
changes by U.V., very probably in the phage DNA. Since post-cultures of fre.shly 
induced c- or /- plaques show only th<* mutant type it seems proliablo that tlie 2 hits 
by I,*. V. leading to mutation have usually changed both sti.inds of the DNA. 

The probability of an inactivation hit is 2.7 • io“2ysec U.V. (U.V. intcm.sity 20 
erg/mm's/sec) ; the probability of a single mutation hit is 2.8 • lo '^, which is about 
100 times smaller. If we assume that the sensitivity to U.V. bits is equally distributed 
along the DNA of the genom and that inactivation hits can occur efficiently in tlu; 
whole genom then the tfirget of c-mutations, being too times smaller, would agree 
with the size of a cistron deriv('d from the observations of other authors {e.g. Harm*). 
This leads to the hypothe.sis that 2 U.V. lesions in the c-ci.stron, each of them in a base 
of one nucleotide-strand, would initiate a c-mutation. 

We may ask now whether the change due to the 2 U.V. hits in the DNA is already 



PHOTOKKVEKSAL OK t'-MUTATIONS IN THE PHA(;E KAPPA 297 

a perfect niiitation or a promutative and still revcTsible state. This question could be 
answered by experimental posttreatments after lJ.\\-irradiation, especially by 
photoreversal. In bacteria it is known that tlu* mutation pro('e.ss induced by U.V. (as 
well as killinf^) is reversible by posttreatment with visible lij^ht, heat or chemicals. 
niotoreAT'i'sal of colour mutations in Serraiia was studii'd intensivi'ly by Kaplan^ 
and Kaplan and (runkel**. In the case of intact cells 2 pro|)(>sals to explain this plioto- 
reversal are pos-siblc;: 

(1) the IJ.V. is absorbed out.side the gene, it acts indirectly, and the light interferes 
with a preinutational step outside the genes, c.g. a changc'd iiK^tabolic. reaction or a 
r.V. -induced “poison”: 

(2) tlie U.V. -hits occur directly in the DNA and change it to a “inetastable” .state 
which can be reversed by light. The n'ceptor of thc^ light may lx* some substance, c.g. 
a metabolite outside the gene, or it may lx* the DNA itself, c.g. a U.V. -activated slate 
in it. It is not yet possible to decide which of these alternatives is correct (see d.g. 
JaggcT^). Our previous finding that the s-mutations (not tht‘ killing) of Sernttiu strain 
K are re\TTsed (wen by illumination of strongly dehydrated cells could tucmu that 
nu'tabolism is not necessary for photoreversal (Kaplan and K.4i)lan'*). 

Photoreversal of mutations has now been found in the (‘xtracellular phage Kapjia. 
l*ost-illuminatioivof the free U.V. -irradiated phage at a constant temperature of 30" 
reduced the yiehl of c-mutations to about 2/3 or 1/2. Inac tivation, on the othcT hand, 
was decH'ased only a few percc'iit. Blue-violet light (S O.sram-j)hotoco[)y-tubes HNP 
90 in a distance* of 5 cm; i*mission spectrum 320-000 m/i, maximum at 420 m/i) 
induced maximum reversal after a dosing* time of 10 min; white* light (8 Osram 
daylight tube's IINT 90, emission between 380 anel 800 m//, maximum at 620 m/i) 
only after ()0 min. The light-dose curve of the c-mutations initiallx' falls approximately 
linearly to a minimum of jibout half the eiriginal value afte*r 10 min of photoe^opy-light 
illuminatiem ; it then goes uj)warel again, bo min giving about the original value. Wheui 
light was given 1/2 h after infe'ctiem of cells by the U.V. tn/ateel phage, i.e. intraeT'llu- 
larly, the mutation revc'rsal was very .small (13. 0 to 10.7 • 10 ■ ) but the survival after 
4.5 min U.V. increased strongly from 2.0 • 10 ^ to 1.9 • lo' ‘ This shows that the 
mutation reversal is not improved by the intracellular conditions but that the photo- 
reactivation of killing is. Thus metabolism seems not to be ne' essary for reversal but is 
perhaps for reactivation. 'I'lie photoreversal of iht* free ]}hage is not due to substances 
di.ssolved in the ly.sate fluid, becau.se phages both in the raw ly.sate and after wa.shing 
in buffered saline gave about the same? reversal. We must conclude from these experi- 
ments that the mutative lesions induced in DNA of the free phage are at least partially 
reversible premutations. Probably the jihage DNA is the U.V. recejitor as well as 
photoreceptor. 

, The increase of the mutation yield at high light doses can have two causes: (i) Fhe 
lesions “reversed” (incompletely) by the light cc' dil be ie-convT*rled < o mutative lesions 
by further absorption of light cpianta. (2) Certain lesions which do not give mutations 
under usual conditions could be changed by (.several) light hits to mutative lesions. 

The U.V. -do.se curve with 10 min post-illumination of the free phage by photo-cojiy- 
light is concave with a power of 2 at the beginning similar to the dark U.V. -do.se curve. 
A ('ohstant dose reduction does not appear to exist .since this (|uoticnt falls systemati- 
cally from 0.80 at 1.5 min U.V. to 0.55 at 7.5 min U.V. Rather, the mutation percent- 
age. .seems to be reduced constantly by a factor of 0.72. This would mean that the light 
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dof;S not independently cancel the 2 U.V. hit-effects (in this case the dose function 
would be m—f (pD), where p is the reduction factor), but first reverses the joint 
result of both hits {tn=P'f(D)). It seems that there is a superposition of both U.V. 
hits in the premutation as was abo indicated in the case of the s-mutations of Serratia 
K (Kaplan and Gunkel®). This is feasible if the 2 bases of the same pair of nucleotides 
in the DNA were changed by the 2 hits. 

The photoreversiblc prcmutative state seems to be simsitivc to unknown factors, 
because in 2 of 8 experiments with post-illumination the reversal was not marked with 
certainty although a very small photoreactivation was always observed. One could 
presume that the reversible premutative state in the phage UNA is similar to the 
reversible change of a double bond in the pyrimidine rings which Sinsheimer" sup- 
posed to be the cause of the reversible decrease of the absorption after U.V.- 
irradiation of cytosine or uracil. Because Sinsheimer" found the absorption change of 
these substances to be reversible by heat we performed post-treatment temperature 
experiments on the U.V.-irradiated phage. It was found that 30° was ineffective but 
40° for 30 min reduced the mutations from 8.0 to 4.6 • io'=*. After longer exposure 
the mutation percentage increased again. At higher temperatures the minimum due 
to reversal was only small and it was followe<l by a high ])eak exceeding the initial 
mutation percentage. It would appear that 40“ is the optimum temperature for 
reversal and is similar in action to light. (In the photoreversal experiments the 
temperature of the phage suspension was much lower). 

Experiments with post-treatment at pH 5, 7 and 10 did not reveal a significant 
influence of the pH on the c-mutations, though Sinsheimer** had found a strong 
reversal of the effect studied by him at low and high pH. 

Early experiments with Serratia (Kaplan and Gunkel*) revealed reversal of the 
U.V.-induced s-mutations by post-treatment with halide ions, the ions in 0.25 Sf 
Na-salt solution enhancing reversal according to the scritis Cl~<Br~<I“<F~. 
Reversal of the U.V.-induced c-mutations in the phage Kappa was enhanced by the 
ions according to the same .series (Park, unpubl.). Because in both cases the same onler 
of effectivene.ss of the ions was found it appears very probable that in the phage as 
well as in the bacterial cells the ions act on the premutative lesions in the DNA, 
perhaps by a change of the degree of hydration of this genetic substance. Befon; this 
h59)othesis on the chemical nature of the photorcversible state in the gene can be 
judged definitely further studies with U.V.-irradiated DNA, nucleotides etc. in vitro 
and comparisons with the mutations in phage and bacteria arc necessary. 
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GENETICALLY CONTROLLED PHOTOREACTIVATION OEAN ULTRA- 
VIOLET-INDUCED EXTRACHROMOSOMAL MUTATION IN YEAST* 
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NiiTn(*rous in\'estigations, elating from Kelncr*s physiological studies^ on ultra violct- 
inactivati'd and photorcactivated bacteria, may be citi'd in su|)i)ort of the hvpotiu'sis 
that j)hotoreactivation (PR) inc'chanisms arc* und('r gen(‘tic cor^rol. Tlu‘se studies are 
discussed in detail (‘Iscwhen*- and attention is focused here only on two recent linens of 
work which offer^compelling ex idence for this hypothesis. 'l'li(‘ first of these* is the 
enzyme -dep(‘ndent ’ I 'R in vitro of ultr«aviolet-inactivat(*d transforming factor of 
Hcinofiliilns’^. 'fhe (mzyme requiri'd is present in Saccliuroniycrs and Escherichia coli, 
both photoreactivable, but absent in Ilewophilits, which is nonphotoreaidivable. Wc* 
may infer that the (mzyrne is undcT genetic control and jdays a role in PR of the intact 
cell, although conceding tliat neitlier inferenc'c* is '^upport(*d by direct experimental 
evid(*nce. Hie second line* of work (discussed below) is lh(‘, PR of an *‘extrachromosomar ' 
mutation in yeast, in ^^ilich photorcvensal of the mutational process has been shown^ 
to b(* und(T control of a single gene-pair showing simple dominance for the photo- 
reactiyable trait. 

(icnc-conlrolled photoreactivaiion of an exirachromosomal miiiation in yeast 

Respiration in yeast is under the control of a gene-i>air (r i /r) showing simple 
dominance and a "self-replicating, extrachromosomar’ fad^or'***’. Por convenience 
the presence (absence) of the functional extrachromosomal factor is designated y -j- 
(y). Wildtype yoast (r-|- y-^ ) carry both the dominant alU'le for respiration and a 
functional extrachromosomal factor; genic mutants (r\^ + ), although respiration- 
deficient, transmit tlu? extrachromosomal factor, while the respiration-deficient 
"petite” mutants (r -j y) lack the factor or carry it in a nonfunctional state. 

When normal (r f y f ) and genic (r y [-) stocks are irradiated with intermediate 
doses of ultraviolet, a large proportion of the survivors form colonies which carry 
the extrachromosomal defect (r-| yand ry, ^‘specticely). Howev er, as shown in 
Table I and Fig. i, only the mutation in normal stocks is photoreactivable. The 
mutation is also photoreactivable in homozygous dominant (r-p/r p) and hetero- 
zygous (r b/r) diploids but nonphotorcactivabki in the homozygous r(,*ce.ssive (r/r) 
stocks (Table I). The heterozygoh^ on sporulation produces two normal (r [- y-h) and 
two genic (r y-f-) segregants ; the mutation is photoreactivated in the former two 

* This work has been supported by the I^anion Kunyon Memorial bund for C-ancer Hcsearch, Inc. 
and by the United States Atomic KncTgy (dnimission. 
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TABLE 1 

PHOTOREACTIVATION OF THE KXTRACHROMOSOM AL MUTATION IN HAPLOID PARENTS, IN DIPLOIDS 
HOMOZYGOUS DOMINANT, HETEROZYGOUS, AND HOMOZYGOUS RECESSIVE FOR THE 1' GENE- PAIR AND 
OF ASCOSPORE SECiREGANTS OF ONE TETRAD OF THE HETEROZYGOTE* 



Cultures 

Mutant induced 

Dose — 0 



%oo ergs/nun^ 

Haploid.s 

8256 r-H y-f 

rf y 

Dark 

0.7 

! FR 

1.9 

Dark 
36. 1 

-F FR 
L5-1 


8282 r-f y f 

r ^ y 

0 .5 


39 5 



8256.27 r V i 

r y 

1.6 

1 . 9 

36.0 

41 .0 


8282.3 r y 1 

*-y 

0.8 

0.7 

4 S -5 

5 - 2-5 

Diploids 

8256 X 8282 

r-| r i y 

*•4 

l.O 

26.9 

8.6 


825(3.27 X 8282 

r 1 1 y 

*■7 

* 3 

37 -^^ 

> 5 -* 


8256.27 X 8282.3 

r r y 

J.2 

- 2-7 

45. 

47-5 

Asco.spori* segregants of the hctcrozygotc 825O.27 v S282 
la r y-f r y 2.6 

2.8 

3 I» 

39.3 


II) r 1 y ! 

r 1 y 

1 . 2 

1 .6 

32.1 

t 3 .« 


ic r-f yT 

H- y 

0.9 

1.2 

3^-3 

*59 


I d r y 1 

r y 

I.O 

0.8 

40.2 

39 f> 



Fig. 1. a, Culture irradiated : 8256 (r+ y+), • -- dark, O -- FR. 1 ), (Til tun; irradiated: 8250.27 

(ry 1 -), • dark. O - FR. 


segregants but not in the latter two (Table 1). Ultraviolet inactivation (killing), on the 
other hand, is photoreactivated to (essentially the same degree in both the parents, the 
diploid, and the segregants^, indicating that different steps are involved at some point 
in the photoreactivation of mutation and killing. PR dose-respemse curves for mutants 
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induced in normal and genic stocks subjected to 1.5 ■ lo^ ergs/min- are shown in 
Fig. 2. The frequency of mutants (r y) induced in the genic strain remains essentially 
the same with increasing dose of PR light, while the frequency of mutants (r-j- y) 
induced in the normal stock decreases rapidly after a short lag to a saturation level of 
about one-half that of the initial frequency. F'rom those studies we hypothesized 



OOSE OF PR LIGHT (MIN) 

Mr. 2. 


that r-l stocks carry a cidlular component (either a chroinophon^ or enzyme) necessary 
for photoreactivation of the extrachromosomal mutation. Preliminary studies with 
snail enzyme-treat('d r y i stocks irradiated and photon^activati I in tlu' presence of 
**+ y I extracts are consistent with this hypothesis. 

V llyuviolet-inactivation and plwtorcactivatum oj sifhccllitlar fraclions conlatnin^ the 
y |- j actor 

The above hypothesis is open to the objection that the self-ri^plicating charai ter of 
the y+ trait, although supported by adequate genetic data, is purely hypothetical. 
Recent studies'-^*® have shown, however, that siibcellular fractions of r y h stocks carry 
an active component capable of transforming r-)- y stocks to wild type. Preparation of 
this active fraction and its sensitivity to ultraviolet radiation and .subsiiquent PR are 
described btdow. 

Haploid culture 8256.27 r y-h grown aerobically for 20 h in nutrient broth is har- 
\'estecl, washed three times in .U/15 KH2PO.1 buffer, packed (3 g wet weight) by 
cc'ntrifugation and homogenized with a glass homogenizer for 20 min (o'^). 1 he liomo- 
genate (90^};, brokim cells) is suspended in buffer to 10 ml and centrifuged successively 
(ctf . 26 times) at 700 rpni (3 min) to remove whole cells and "gho.sts.'' 1 he supernatant, 
containing cell fragments and particles, is spun at 12,000 g for i h (5''), the super- 
natant (inactive) discarded and the sediment .suspended to 8 ml in buffer, rhe re.sulting 
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suspension (PF) contains large cell fragments and particles, exhibits no respiratory 
activity; most of the lipids and carbohydrates are retained in the supernatant 2. 
Analysis of the 12,000 g residue and supernatant for protein and nucleic acids is 
shown in Table II. There is approximately twice the protein in the supernatant 
as in the residue. All of the DNA accounted for on a dry weight basis is found in the 
residue, while 9070 of the total RNA is retained in the supernatant. The active residue 
is characterized by Feulgen "positive” (purplish-pink) bodies embedded in cellular 
material precipitated during hydrolysis with o.i X HCl (bo", 10 min). 

TABLE II 

PROTKIN, NUCLEIC ACID (PHOSPHORUS) AND TOTAL PHOSPIlf)RUS CONTRNT (mg) OF SEDIMENT 

AND 12.000 g SUPERNATANT OF T y } CELLS 

200 mg dry vveiglit of PF 


CotHponnit 

12^000 g Scdimrnt 

1 2^000 g Supernatant 

Protein 

20.64 

40.94 

RNA-P 

0.932 

0.241 

DNA-P 

O.02.J 

0.00 

Total P 

0.231 

^•34 

Activity (r 4- y f / lo”) 

5 .JOO 

0 

Feulgen “ bodies 

abundant 

rare 


For activity studies, one ml of PF is added to 8.0 ml of broth containing 10^ r-}- y 
recipient cells (stock loi ttvj)) genetically incapable of mating with donor cells; 
appropriate controls are Jilso run (minus PF; minus cells). After recipient cells liave 
undergone ca. 3 divisions, the mixture is centrifuged, washed, and plated on lactate 
nutrient agar which is totally selective against r+ y and r y l- cells, pc^mlltting only 
the prototroph to grow. The prototroph frecpiencies obtained in several (!xi)eriments 
are shown in Tables III and IV and are fo be compared with a frequency of approxi- 
mately I i)er 10’’ observed when intact donor and intact reci]>ient cells were grown 
together. The possible contribution of rare, illegitimate fusions between reciiiient cells 
and donor cells in the homogenate or 12,000 g residue was tested by appropriate 

TABLE IJ ! 

ULTRAVIOLET INACTIVATION AND ATTEMI'TEO PHOTOE.’iAC OVATION OK THE ACTIVITY OF THE 
12,000 g RKSIDUF. FROM T y f- CELLS (STOCK 8256.27). THE P'.KTICULATK FRACTION WAS SUBJECTED 
TO THE ULTRAVIOLET DOSES INDICATED ( 0,0 eTgs/tnm‘^/scc) \ND THEN MIXED WITH U*-p RECIPIENT 

CELLS AS DESCKIUHO IN THE TEX T 


No. of prototrophs *»;, ActivUy 



Dark 

4 PR 

Dark 

4 - PR 

te-p cells only 

o/io« 

o/io** 

— 

— 

Particulate fraction (PF) only 

0 

0 

— 

— 

te-p 4- PF (0 sec UV) 

3940/ io» 

3900/10** 

100.00 

<>9.98 

t PF (200 sec VJV) 

1340/10* 

1650/ 10** 

34-10 

42-31 

-j- PF (400 Sec UV) 

89/10** 

54 /^ 0 * 

2.2O 

1.38 

-f PF (600 sec UV) 

i7/io» 

20/l0» 

0.43 

0.51 

-f PF (rooo sec UV} 

i/io^ 

0/10^ 

0.03 

0.00 

PF (,\5>oo see. VlV'l 

o| \o*^ 

oj to® 

0.00 

0.00 
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TAW-E IV 

THIC l'RKQUKN('V AND PHKNOTYPK OF RHSPIRATION-SUFFU IKNT (r j y 4 ) PROTOTROPHS ARISING 
FROM MIXTIIRKS OF INTAC T r \- y C:ELLS AND HOMOGKN ATF.S OF 1' y j CKLLS 


t task 

Strain and phenotype 


FrcQueney 

of protidrophs 


1 

Experiment 

8250.27 (r y h) z-b ac ca } cu i 
pa -- th- - acl- (hGinogcnatc) 

I 

o/io** 

J 

o/io** 

3 

o/io« 

4 

o/io« 

u 

10 1 tc-p (r-1 y) z- ac-- ca cu- 
pa-l th ^ ad {- (intact cells) 

0/10“ 


0/10“ 

o/io® 

III 

hoinogi'iiaU* of 825O.27 1 intact cells 
i>f 101 tc-p 

5 ^/io 5 

230/10* 

(>4/ lO® 



Analysis of prntotyol>hs from flask III (above). All isolates (s*>5) arising from to ''and 10 dilutions 

plated on lactate were tested 


I'hniulvpc 


Number «/ nnlufei 


z- ac — ca ~ cu - pa t th 1 acl | 
z -j- ac-| ca ! cu -1 pa th -- ad -- 
other comliinations 


505 

o 

o 


z j (z) : al)ilily (iiiahiJity) to fennent melezitose. 

ac I (ac), ca-i (cuia (' ii) : resistance (sensitivity) to 2 acthlioiie/nil, o.S*;;, caffeine, and 0.17% 
copper sulfate, respectively. 

acl j (ad), th i (th), pa-} (pa) : ability (inability) to grow on synthetic inediinn witlniut adenine, 
thiamine, and pantothenate, respectively. 


genetic markers and tetrad analysis; Ki*cipient cells of r | y zac ca cn ad j- th f pa 1 
constitution, wluMi incubated with homogenates of r y i z ac f c a | cu \ ad -* 
th pa - cells, gave rise to r | y { z ac' ca cu ad 4 th I pa j prototrophs only 
(Tables IV). I'etrad analysis of 36 asci of three indepc^ndent prototrophs failed to show 
the })resence of the z--| ac-f ca f- cai-j markers which are t>))rc*ssed as dominant 
traits in both diploid and triploid hybrids. Nont‘ of 4000 prototn.phs tested carried the 
4 dominant markers, showing that ill(‘gitimate fusion between donor and recipient 
cells (although it may occur rarely) cannot explain the transfcT of respiratory compe- 
ti*n('e to the r | y stock. 

Under appropriate (Conditions, the prototrophs may be used to pn;j)are active 
particulate fractions. The activity of the 12,000 ^ residue is marki'dly reduced by 
high concentrations of nucleases but only weakly affected by protiiolytic enzyme*^. 
These and other studies show that the particulate fraction contains a “biologically 
active** factor which appears to be associattid with a nuc'Ieoprotein fraction (^f the 
cell. The fact that active fractions are obtained whh r y+ stocks but not from 
r y mutants (otherwise isogenic) identifies the activity with the genetically-defined 
y f- trait. 

Table 111 shows that the acti^'ity of the particulate fraction is markedly decreased 
by ultraviolet radiation when irradiated in M/15 KH2P()4 (pH ().o). Within experi- 
mental error, there is no PK of activity. Addition of supernatant of the r y-j- .stock 
Jia.« no effect on the inacth niion rate with or without PR. These results are consistent 
with the general lack of PR of virus and biomolecules in a simple medium. However, 
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on genetic grounds alone we would expect no PR of activity of the subcellular frac- 
tions treated wth supernatant of r y-f stocks since they lack the postulated cellular 
component required for PR of mutation in the intact cell. The obvious question under 
study is whether Rupert’s enzyme^ or extracts of r-j- stocks will effect PR of the 
particulate fraction in the presence of recipient cells. 

Although elucidation of the photoreactivation process described here awaits further 
studies, I believe the results offer promising attacks on the nature of ultraviok;t and 
photoreactivation processes in general, and specifically on the question of the identity 
of radiation processes leading to mutation and killing’. An optimistic approach is the 
screening of coliform and yeast cultures for mutants deficient for Rupert’s enzyme 
and for cellular components necessary in the photoreacti va tion of mutation and killing. 
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MACROMOLECULAR SYNTHESIS IN A THYMINE-REQUIRING 
BACTERIUM AFTER ULTRAVIOLET IRRADIATION 

W C. HAN AW ALT* 

University Institute of Microhiologw Copenhagen (Denmark) 


Quantitative' studios ha\'o boon inado on tho effects of ultraviolet light (U.V.) on 
colony formation, protein synthesis, RNA synthesis, and DNA syntlu'sis in Esichcri- 
chia coli 15T-. The initial studies (done at Yale University, Biophysics Dept.) were 
perfornu'd on exponentially-growing cultures, suspended in *‘tris’' buffer for the irra- 
diations at 37° and resuspended in growth medium afterwardsb A water-prism 
monochromator^va'/ used for U.V. .source* (2652 A) and int(uisiti(*s were measured by 
calibrat(*d phototube. The reported dos(*s below repre.sent av(*rage doses rec«*ived, as 
( idculated for the known bacterial concentration. 

The dose-survival curve for colony forming ability (platings by spreading on nu- 
trient agar and immediate incubation at 37") was a .simple exponential function, 
yielding 37*^/^, survival after a dose of (>5 ergs/mm-^. 

l^rotein syntlu'sis was followed by the incorporation of (from ^''*804) into the 
trichloroacetic acid-in.soluble fraction of the bacteria. Linear incorporation of was 
obtained for at l(*a.st the first hour of growth after U.V. do.se.s above 150 (Tgs/mm-. 
High(*r doses gave lin(*ar incorporation curves with lower sloj)e.'^ A dost*-effect curve, 
constructed by comparing tlie slopes of these lin(*ar incorporations, yielded a simj)le 
exponential survival for protein .synthc*sis, with 37'^', survival .dter 160 ergs/mm*-^. 

RNA and DNA synthesis were followed by the incorporation of ‘•*-B (from 3‘^P04) 
into the respective fractions^. Incorporation of into RNA was also linear after 
U.V. doses above about 150 ergs/inm-, but the effect on RNA synthesis could not be 
represented by a "one hit" dose-effect curve. (For doses below bo ergs/mm- the 3 ‘-*P 
incorpora.tion was alw^ays within experimental error of that for an unirradiated cul- 
ture.) The final exponential slopes of the dose-effect curves were the same for RNA as 
for protein synthesis, but the RNA curve extrapolated back to give a multiplicity of 
1-5 • 37% survival of RNA synthesis occurred after 240 ergs/mm^. DNA synthesis 
exhibited a temporary delay after irradiation, before resuming at the control rate. 
The delay was roughly proportional to the dose aiiJ a dose of 150 ergs/mm® inhibited 
DNA synthesis for abour one division period (50 min). No difference in the effect on 
either protein or RNA synthesis was found when thymine was withheld from the 
growth medium after irradiation^ Both protein and RNA synthesis were photoreac- 
tivated-by subsequent exposure of the irradiated culture to high intensity visible 
liglit, whether or not thymini* was present^. 

* Now at Diology Division, California Institute of Technology, Pasadena, Calif. (U.S.A.) 
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More recently, Prof. Ole Maaloe and I have been studying some properties of the 
triple mutant, E. colt 15T-A-U-, requiring thymine, arginine, and uraciH. We have 
found that when all three requirements are removed, thymineless death proceeds only 
to the 3% sur\'ival level. After preincubation for go min with th3'mine (-A-U) the 
entire population is immune to thymineless death (-T-A-U). This finding and subse- 
quent experiments led to our suggestion that the bacterial DNA replication cycle 
could run to completion in the absence of protein synthesis, but that a new round of 
replication could not be initiated until conditions permitting protein synthesis were 
reestablished^. 

A number of reported studies on irradiated bacteria have shown that sensitivity' to 
U.V. decreases markedly after conditions in which protein synthesis is inhibited while 
DNA synthesis continues. Billcn has shown that sensitivity of E. coli 15T- to X-rays 
is decreased after incubation with chloramphenicol, and he has postulated that the 
“excess” DNA formed may be responsible for the effect®. Our results with the triple 
mutant would suggest an alternative possibility, that the decrease in sensitivity is 
due to a change in state of the DNA. 

To check this hypothesis we have performed a number of U.V. experiments with 
triple mutant in different growth states. These irradiations were performed with a 
germicidal U.V. lamp and the incident intensities were measured with a Laterjet 
dosimeter. Irradiations were carried out on cultures suspended in “tris” buffer at 
room temperature. 

Protein synthesis ( 3 ®S incorporation, as before) exhibited the same sensitivity’ to 
U.V. in a exponentially growing culture of E. coli 15T-A-U- as in a culture which had 
received the go-min preincubation -(-T-A-U prior to irradiation. It should be 
mentioned that the control incorporation rates were the same in botb cultures 
{i.e. after the go-min inhibition, protein synthesis can begin imm(*diately on addition 
of the required arginine and uracil). Thus, the changes which occtir during the 
preincubation period apparently do not affect qmntitatwely the ability of irradiated 
cells to synthesize protein after a given U.V. dose. 

Colony' formation showed a very striking difference in sensitivity to U.V. after the 
preincubation l-T-A-U. An exponentially-growing culture e.\hibitcd the same 
characteristics as the parent strain described earlier. However, after 45 min prein- 
cubation -l-T-A-U (by which time 35",o of the population is immune to thy'mineless 
death) a multiple-target type dose-effect curve was obtained, with the same final 
exponential decay rate, but a multiplicity’ of 10. After the full go-min preincubation, 
the multiplicity had increased to the order of 100. The increment in DNA of about 
40'!„ during the preincubation period is not sufficient to account for such a striking 
decrease in sensitivity and it seems more likely that the effect is due to the existence 
of a less labile state of the DNA at some stage in its replication cy'cle. Also, it would 
appear that the traasition to the resistant state is not a gradual one occurring through- 
out the growth cycle, or one would not expect to find the simple exponential survival 
curve for an exponentially growing culture. 

Since the U.V. absorption cross-section for nucleic acid is about 20 times that for 
protein and since there is about 6 times as much RNA as DNA in the E. coli cell, the 
U.V. absorption is predominantly due to the ribosomes which contain most of the 
RNA. It is also expected that at some stage in the growth cycle the RNA may be 
associated with the DNA to obtain its specificity. Suppose that this association and 
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transfer of information occurs only during the active synthesis periotl of the DNA 
replication cycle and that the RNA units become dissociated at the completion of the 
cycle. The U.V. damage to DNA may be due primarily to photons absorbed in Jissotu- 
ated RNA units. When the RNA is associated with the DNA a “hit” in any unit is 
likely to inactivate some essential function and lead to inability to form a colony. 
When the RNA units are dissociated there may be much duplication {i.e. many units 
with the same information) of the different functions, so a large number of ribosomes 
of a particular type must be inactivated in order to completely inactivate a particular 
essential function. It is suggested that the st'nsitivity for survival of bacterial colony 
formation is clett;rmined by the degree of as.sociation which exists betwticn the RNA 
and DNA at the time of irradiation. 
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ULTKAVIOLET EFFFXTS AND PHOl'OREACTIVAriON IN ISOLATED 

CELL FRACTIONS* 

\V. 1 ). FISHKRandG. B. CLINE 

Departments of Physiology and Radiology, State University of New York, 

Upstate Medical Center, .Syracuse to, N. Y. (U..S.A.) 


These experiments were designed to test whether or not any merhanism similar to that 
described by Rupert^ for the photoreactivation (PR) of the transforming activity of 
deoxyribonucleic acid (DNA) could be demonstrated for the repair of nltr.iviolet 
(U.V.) inactivated enzymes and whether or not isolated cell particulates could be 
photoreactivated. DNA polymerase and the isolated nucleus were selected for study 
because the imclcus and DNA are considered as probable sites of damage in thi'. 
cell. Also, the relative U.V. sensitivity of DNA synthesis by the nucleus and the poly- 
merase could be studied. 

The thymus nucleus has the additional advantage that protein syntla'sis is reduced 
when the DNA is remo\'ed and restored by the addition of DNA (Allfrey el al.-). 
Therefore, the U.V. sensitivity of tin; nuclctis c,an be studied in the absence of DNA 
with the sid)seciucut addition of irradiated or non -irradiated tuicleic acid. 


EXl'EftlMR.VT.VL 

DNA polymerase activity was studied in the high sj)eed supernatant of calf thymus 
homogenate following the .A.ssay Method 111 described by Bollutn and Potter*. The 
supernatant contained 4.7 mg/ml protein. Heat-denatured thymus DNA (Worthing- 
ton BiochemicaLs) was usc;d as a primer (Bolhiin*). 

Isolation of calf thymus nuclei and i-^^C aiaaine incorporation studies followed 
essentially the method of Allfrey «/.*. All studi> s were done at a pH of 7.1. For *H 
thj’midine incorporation studies with the nuclei, the ‘'•c alanine was replaced by the 
mononucleotide mixture employed by Bollum and Potter® with the DNA polvanerase. 

Samples were counted with a Nuclear-Chici'igo D-47 counter operated windowlcss 
for ®H and with a micromil window for DNA detenninations were done by Bur- 
ton’s® modification of the diphenylamine reaction using Worthington Bioclu'micals 
thymus DNA as a standard. Protein was determined with a Biuret reagent (Gornall 
c/ «/.«). 

For U.V. exposures, the samples were placed between two qiuirtz plates (15 cm x 
15 cm X 0.15 cm) and irradiated from both sides with two 15-W (i. E. Germicidal 
lamps. The sample thickness was 0.16 mm for the enzyme preparation and 0.32 mm 
for the nuclear suspension. The samples trimsmitted 20-30.% of the incident U.V. 


* Work supported by United States Atomic Energy Commission Contracts No. A’l'-(40-r)-2.}8i 
and No. AT-(30-i)~2535. 
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Exi)Osures were measured with a photocell of the sort described by Jagger’. General 
Electric Company 15-VV BLB black lights and a 550-V\’ projector were used as sources 
for photoreactivating light. 

RKS’’LTS 

II. V. inactivation curves for the; incorporation of i-'’*C alanine and •'•H-thymidine 
by thymus nuclei and of ’H-thymidine by soluble DXA pf)lymerasc ar«> shown in 
Fig. I and Fig. 2. Inactivation is e.xponential, provided snfficit'iitlj’ thin samples are 
u.sed. The nucleus shows a similar sensitivity to I’.V. for both amino acid and thy- 


I. 'I'lic ot r V. on ^ll-tlivinidinc 

incorporatkin by DNA polyint'vast'. b'acli tube 
had a linal \olunu‘of i ml and oontiiiiifd 0.3 ml 
siip(*rnatant fraction (i. | mj' protein), 1 inf( DXA, 

.|o iii.V rris: H('l pii S and 0.3 ml of an cn/ymat- 
irally prc])ar(‘d mixture ol dcoxyribotidc tripluis- 
pliatcs (Bolliini and Dotl'T’*) Jncnbalitni linit' 

I JO min at 3S . 

niidiru* incorporation. The nucleus is 70 times as sensitive to H.V. as the polymerase. 

Typical values for incorporation by nnirradiated sample were: 300 cts/min/mg 
protein for '-^C bj' the nucleus, 3 • 10® cts/min/ing DNA for ’H oy the nucleus, and 
4 • 10® cts/min/nig DNA for ’ll by the polymerase. Under the conditions employed in 
the e.\jieriments, incoi'poration was \er\’ nearly proportional to enzyme or nuclear 
concentration and to incubation time. 

The soluble DNA polymerase system did not j>liotoreacti\ ate under the conditions 
of the experiments (up to 10” ergs/mm’ with BEB bull)S after U.V. inactivation). 
Alanine incorporation by U.V. irra<liated nuclei was increased about 30",', by expo.sure 
to photoreactivating light. Addition of i mg of DNA primes to nuclei increa.scd 
alanine incor|)oration by 30— 4o‘’o in unirradiated and U.V. inactivated nuclei. 

DISCUSSION 

A comparison of the sensitivity to U.V. of the soluble polymerase and nuclei suggests 
tl;at damage to the enzyme is probably not a factor in U.V. inhibition of DNA 
synthesis tn vivo. This follows from the very large exposures re<iuired to affect incor- 
poration in the soluble system. The nucleus, by contrast, is quite sensitive. The block 
in synthesis must, therefore, be at a different level than the polymerizing enzyme. 

Since both protein and DNA synthesis in the nucleus show a similar sensitivity to 
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U.V., it appears that a common site may be involved. DNA is required for protein 
synthesis by the isolated nucleus (Alfrey et al.^) and as primer for the DNA polymerase 
(Bollum and Potter*). There is no evidence, from our work, that the U. V. injury is to 
the DNA. Addition of DNA to the irradiated nuclei did stimulate '^C uptake; how- 
ever, a comparable stimulation was observed in unirradiated nuclei. 



Fig. 2. The effect of U.V. light on 
1-1 alanine (o) and thymidine 
(A) incorporation by thymus nuclei. 
Kach tube had a final volume of 2 ml 
and contained i.o ml nuclear .suspen- 
sion (5 mg protein dry weight), ml 
of 0.1 M sodium phosphate, 0.25 M 
sucrose buffer ])H 7.1, 0.4 ml of 0.1 M 
glucose solution containing 3.75 mg 
NaC'l/ml and o.r ml H2C) containing 
either 0.056 mM DL-alanine-i-i K' 
(specific activity 0.25 inc/niM) or 
0.0064 mM 311 -thymidine (sj>ecific 
activity 0.30 c/mAf) and mixture of 
deoxyribonuc*eotides. Incubation time 
90 min at 38"^ 


The degree of PR in the nuol(*i was small, so that work with tlu' system would be 
difficult. Logan d al,^ observed reversal of U.V. inhibition of phenyalanino incor- 
poration by mixtures of rat liver nuclei and mitochondria. It is not clear whether tlu' 
processes are similar since they used a two compionent system and obtained the same 
effect by irradiating cither of the components. 
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NOTE ADDED IN PROOF 

More thorough inactivation studies with nuclei have now been done, 'fhe results show that 311 - 
thymidine incorporation is somewhat more sensitive to U.V. than *C-amino acid incorporation. 



PHOTOENZYMATIC REPAIR OF ULTRAVIOLET DAMAOE IN DNA 

C. S. Rl’PERTANnK. M. HERRIOTT 
Johns Hopkins I’nivrrsity School of Hygiene, Haltimore (l7.S..-t.) 


SUMMARY OI-' LECTURE 

Ultraviolet damaged bacterial transforming DXA can Ix' pliotoreactivated in vitro 
by en/.yinc systems obtained from photoreactivable cells. The main details of this 
phenomtmon have b(‘en reported previously^ It supports th(‘ hypothc'sis that photo- 
n^activation of cells involves repair of ultraviolet damage to cellular DNA. 

Early expc’riments witli the coli enzyme system suggested the (*xistence of two 
components - *iu>d‘»alyzable and heat stable whicli was used up in the reaction, 
and one non-dialyzable and heat labile which was not consumed. Extending tht‘se 
exi)eriments to a wider range of ri‘action conditions has shown that no stoichiometric 
relation exists between tlu* amount of this supposed dialyzable compoiuMit and the 
amount of DNA repain'd*'*, although preparations lose acti\aty upon dialysis and 
reco\'er upon adding back concentrated dialysate^*-^. Attempts at purification of this 
I', coli .system have been frustrated by the appearanci* of nuclease activity in all 
fractions. Th(‘ photoreactivating enzyme system from baker’s yeast, which is readily 
purified and with which most of the work has b(;en done, shows no (‘\’id(‘nce of any 
component u.sed up in the reaction. It apparently consists of a single' enzyme***. 

The yeast enzyme in the dark forms a .stable i v^iuplex witli U.V. irradiated DNA^. 
This .sediments in an ultracentrifugal field at the high rate cl.^ racteristic of DNA 
rather tlian the slowx*r rate cluiractcristic of th(' fret* enzyme. "Phe comph'X dis.«ociates 
in the light to generate a repaired DNA structure and fn*e enzyme, according to the 
conventional .scheme 

hi hnit) 

K i S Vi KS > \i j V 
hz 

where E reprc.sents the enzyme, S the sub.strate (U.V. damage' in DNA), ES the com- 
plex and P the product (a repaired DNA structure). /vM(/), dependent on the light 
intensity, is zero in the dark. At constant lig^'^ intensity the reac tion follows (at 
least approximately) Michaelis-Mcnten kinetics. 

This photoenzyme system bears a striking formal analogy to the rctinene-opsin- 
rhodopsin system of vertebrate rod vision, although the two systcmis arc; chemically 
quite different^. The same formal pattern may hold for the primary events under- 
lying other photobiological proces.ses. 

The photoreactivating enzyme permits the longer wavelengths of sunlight to bring 
about a repair reaction counteracting the damage done to DNA by the shorter wave-. 
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lengths Transforming DNA inactivated by solar radiation in a quartz flask partially 
recovers in sunlight in the same quartz flask when a little photoreactivating en25niie 
is added®. This may represent the original utility of photoreactivation to an organism. 

The presence of photoreactivable damage in U.V. irradiated non-transforming 
DNA may be detected by its competitive inhibition of transforming DNA repair. 
This inhibitory pow'er is eliminated by allowing the enzyme to act on the irradiated 
competing DNA first®-*. By these criteria, photoreactivable damage develops in all 
kinds of mammalian, bacterial and viral DNA tested, including single-stranded 
^X-174 DNA. It also develops in heat, acid and alkali denatured DNA, and once 
pre.scnt, survives in DNA treated at 100” for 40 min or at pH 2.5 or 12.5 overnight at 
room temixjrature. It does not develop when the actual irradiation cf denatured 
DNA occurs at a pH below 3.0 -3.5, the region in which purine and pyrimidine amino 
groups become protonated. No competitive inhibition has been found with irradiated 
RNA. 
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PHOTOKEACTIVATION OF THE ULTRAVIOLET DAMAGED 
STREPTOMYCIN RESISTANCE MARKER IN DNA OF 
STREPTOCOCCI AND PNEI MOCOCCI 

R. PAKVLA, E. Hl’LANK KA Axn \V. W AU ZAK 
Sliili- Institute of Hygiene, Waesnte ( I'olanil ) 


When \\T subniitt('(l tho preliminary eommunieatioii to this (’oiif'ress \V(’ liad Iweii 
unabU' to demonstrate photoreactivation of U.V. -irradiat'd streptoeoceal and pneu- 
moeoccal DNA. Sine<! then however, w<' have siieei'eded in pl.Jloreaetivating botli 
these transforming activities. 

At the ont.set we used I:, colt extracts prepared from bacteria grown for 24- 2O h 
followetl by grintung '.vilh quart/ sand \mtil over qo"„ of cells had been disrupted. 
With different batches of these extracts, designated No. i, a photoreactivation effect 
of i 5 - 55 "it <-ould easily be proiluced in U.V. irradiated DNA of Ucmophihtx influenzae. 
Howe\er all these extracts were non-active in .photoreactivation of streptococcal and 
pneumococcal DNA and in addition t’uey exi'rter' a strong inhibiting efh'ct on 
transformation of the cocci. The number of transformants for both intact and irra- 
diah'd DNA was reduci d by mon* than 90",',. This inhibition was found to l)e due 
mainly to the abundant amounts of /:. colt DN.\ present in the extracts. This DNA 
competes for compHjtent cells with transforming DNA of streptococci and ]>neumo- 
c.occ.i but not of //. influenzae. Various attempts to remove' the i.ihibitory DNA from 
the extracts without destroying the factor necessary for photoic ;'-ti\’ation were un- 
successful. 


TAHLE I 

ACTIVITY OK E. roll KXTRACTS No. £ IN' I’llOTORKACTIVA nO.N OF DAMAOKO STRKI'TOCOCCAL 

A.M) PSKl’MOC.CK CAl. I)N.\ 


Nnmlnr of transformants 


used in Streptococcus nncumoioicu.s 

transformation E. colt extracts A' loli extracts 
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3H 

The negative results stimulated a change in the method of preparing the E. colt 
extracts. Bacteria were grown, for only 8-12 hours, ground to destroy 30-40% of cells 
and extracted with distilled water or phosphate buffer. This type of extract, design- 
ated No. 2 was less inhibiting in transformation of pneumococci but did not differ 
significantly in this respect with respect to transformation of streptococci. With many 
of these extracts a slight but quite distinct photoreactivation effect could be produced 
(Table I). 

It will be seen that the activity of photoreactivated streptococcal DNA is below 
that of the U.V.-irradiated DNA. This is certainly due to the inhibiting effect of the 
E. coli extracts. We think however that the differences observed between the activi- 
ties of U.V.-irradiated DNA and E. coli extract kept in the dark and the same mixtures 
illuminated with visible light are really due to photoreactivation. The basis for this is 
that in no case did visible light illumination of mixtures of U.V. non-irradiated DNA 
and E. coli extract cause anj' increase of transforming activity sis compared witli 
activity of the same mixtures kept in the dark. 

No explanation was found for the fact that both kinds of extract, No. i and No. 2, 
are active in photoreactivation of U.V.-irradiated DNA of H. influenzae sind only the 
latter one in photoreactivation of coccal DNA’s. 
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PHOTOREACTIVATION AND REVERSIBLE PHOTOLYSIS OF 

NUCLEIC ACIDS 

1>. SHIJGAK 

Institute of Biochemistry and Biophysics. Academy of Sciences, and nepartment of 
Biochemistry. State Institute of Hygiene, (Poland) 


Thu proi)Osal that biological photoreactivation (PR) is clue to a revcMsal of ultraviolet 
(U. V.) damage to essential nucleic acid molecules is by no means new. Its essence mav 
be found in an early review of the subject by Dulbecco^ and it has been more explicitly 
formulated in the recent review of J agger- as the most probable ol the various theories 
extant in the' field. What is new is the accumulation during the past few years of a 
( onsiderable mas^ <«r n^w experimtaitcd data on the photoc hemistry of nucleic acids 
and their derivatives, as well as on model oligo- and polynucleotides, which has laid 
the groundwork for an interpretation on a macromolec ular scale of the' origin of photo- 
biologic al ef feeds in general and of PR in particular. 

The experimental facts relating to biological’PR have bc'en extensively reviewed by 
JaggcT- and will undoubtedly be covered in Dr. Kclner's talk at this symposium; 
hence only a few salie*nt fc'atures will be mentioned here: 

(a) PR embrae'i\s reproduction, mutation and tran.sformation. all of which involve 
I)\A-])rotein. There are also several authentic examples of cytoplasmic PR which 
are hence likely to involve* RNA-protein. Action spendra indie’ate that the primary 
ivcepteirs are NA^, with some evidence for parti'^’]?alion of ]>i%>tuins. However, tlui 
we*ll-known ability of U. V. to destroy virus infe^ctivity without affcv i mg antigenic prop- 
erties suggests that the effect is largely on NA. 

(h) For bacteriophage tliere is no doubt about DNA-protein i^eing involved and the 
evidene:e is in favour of DNA. Earlier doubts about the authenticity of PR for plant 
vinise*s, i.e, RNA-protein, have been dispelled by Bawden and Klcczkowski’s* 
demonstration of PR for RNA of TMV. Taken together with Rupert, (ioodgal and 
Herriot s*^ discovery of extracellular PR for transforming DNA (T-DNA), this estab- 
lishes beyond doubt that each type of NA alone exhibits PR. 

(c) The? available evidence indicates that PR e)perates predominantly via reversal of 
U.V. damage rather than by the initiation of alternative metabolic pathways. 

We may therefore pose the following (piestiv What are the chemical and/or 
physico-chemical modifications induced in nucleic acids by doses of U.V. not markedly 
in excess of those resulting in biological effects; and are such modifications reversible, 
in '»diole or in part.^ 

The answer to this is that we now have a fair idea as to what happens to irradiated 
NA and that the resulting eff(.*cts, for biologically effective doses of radiation (of the 
order of io^«~io'7 quanta/cm -/min or lo-ioo ergs/mm ‘^/sec), exhibit physico-chemical 
rev’ersibility to the same degree as biological PR®'®. 
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Physico-chemical studies of nucleic acids and viruses subjected to biological doses 
of radiation show that ; 

(«) There is no rupture of inteniucicotidc linkages. 

(ft) There is no change in viscosity or intrinsic viscosity. 

(c) There is no change in molecular weight. 

(rf) There is only a detectable drop in U.V. absorption. 

(c) For T-DNA there is a slight drop in the temperature of the transition profile^®, 
suggesting rupture of a very few hydrogen bonds in the twin-stranded structure. 

From the abov'e facts it may bt; concluded that the resulting damage to irradiated 
NA molecules must be highly localized in character. 

Chemical effects of irradiation are as follows : 

(a) Carbohydrate moieties are unaffected. 

(ft) Spectroscopic and chemical evidence indicates the lack of any i‘ff(‘ct on the 
purine bases (additional confirmation of this would be desirable) . 

(f) There is, in addition, some evidence from action spectra that in single-stranded 
DNA only the pyrimidine components arc affected^. 

(d) Free uridylic (Up) and cytidylic (Cp) acids are transfonruid by U.V. to the 
5-hydro-6-hydroxy derivatives and these photoprodiicts may rev('rt to the parent 
substances in almost loo",', yield as follows: 


U.V. 

(*H2Q.) 


<-H20) 
Hept, 
acid 
or . 
alkali 





(e) Free thymidylic acid (Tp) undergoes degradation. We shall refer to 5-methylcyti - 
dylic acid and its analogues separately below. 

(/) In single stranded polynucleotide chains, Tp residues apparently undergo 
irreversible photolysis. Up and Cp residues tlanked by purines are transformed as in 
{d), above, and subsequently exhibit 70-100";, r.'versibility. In tracts of Ui) residues 
reversibility may vary from 80-65% tracts of Cp residues is about qo",,. The 

remaining Up and Cp residues in such tracts apparently give rise to non-reversible 
photoproducts, probably due to cross-linking between the 5-5 and 6-6 positions of 
adjacent pyrimidine rings. This is the predominant reaction in irradiated dry films 
of NA^® and explains why it is not po.ssible to photoreactivate irradiated druxl phage 
films. It is also unlikely that irradiated dried films of 'I'-DNA or infectious RNA would 
exhibit PR. 

(g) In twin stranded model polynucleotide chains the (piantum yield for Up residues 
is only ^ of that in single stranded chains, but the % reversibility is the same. Both 
the quantum yield .and reversibility for Cp residues are unaltered in going from 
a single to a twin stranded chain. 

(h) In RNA from natural .sources, spectral evidence shows that 5o"-o of the damage 
inflicted by U.V. may be subsequently reversed by heat. 

Summing up, it may be .seen that one can obtain physico-chemical reversal of the 
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olfpcts of U.V. on natural and model polynucleotido chains to the extent of 50% or 
more, of the damage inflicted, or about that prevailing for biological PR. Reversible 
photolysis of pyrimidine residues in nucleic acids consequently provides a reasonable 
experimental analogue for biological PR. The principli* criticism which may b(‘ levelled 
at this model is that reversibility has hitherto be«?n obtained mainly by heating at 
neutral pH. i.e. it is thermal reversibility (TR) and not PR. 

ft is on the other hand well-known that agents othcT than visible light may be used 
to r(‘V(Tse the effects of U.V. on biological sVvStt'ins and that, of all these, the one that 
most closely resembles PR is TR. Each of these may therefon* be considered as a 
diff(‘rent source of energy for efhicting the reverse reai'tion. It is of some significance 
in this regard that the light requirements in bacterial photosynthesis may be complete- 
ly rejilaced by ATP in the dark^-^ Furthermore biological PR is accompanied by 
dark reactions with activation energies of about kcal/mole as compared to phys- 

ico-chemical TR for which the value.'*' are 14- 26 kcal/mole. 

It is perhaj)s pertincmt to the abov(‘ argument that uridiiK', following U.V^ destruc- 
tion of its properties as a growth factor, may ri‘gain too*’{, of i<^s biological activity 
by acidification, alkalization, or heating (TR) at ntaitral pn. Tlu* photoproduct of the 
pyrimidine component of vitamin Bi (2-methvi-5-(‘thoxym(‘lhvl-4 arninopyrimidine) 
may also n'gain ie.? bicJogical activity by TR. 

Particularly .striking is tin* little-known observation of Bn'seh^’ that irradiated 
phag(; TI adsorbed to E. coli exhibits a .small, but definite. TR. Miss Lukjaniec has 
i:onfirn:ed this in our laboratories and demonstrated TR for several other phages as 
w(‘ll. No TR could l)e obtained for non -adsorbed phag(i at elevated t(^mperatur(^s 
because of (hmaturation, but this might be well worth attempting with T-DNA whu'h 
has a much higher denaturation temperature. 

The following may therefore be regarded as a rather rough picture* of what happens 
to an irradiated nucleic acid chain : 

In both .single and twin stranded chains in those* regions which contain tracts of 
p\'rimidine.s, a fraction of the latter undergo a r(*action which e non-rcversible by 
acid or heat and is due to cro.s.s-linking of the 3,6 double bonds o adjacent pairs of 
pyrimidines. The majority of them as w(*ll as many of those distributed randomly in 
the chain become hydrated at tin* 5,6 doubk* bond. In a single stranded chain the 
secondary .structure may be slightly modified as a result of hydrogen bond breakage to 
an affected base. In a twin stranded chain some of the interchain hydrogen bonds 
would also be ruptured (we have found, r.g. that irradiated poly-U will not form a twin 
stranded complex with poly-A). The net result is a localized modification of base 
sequences accompanied by a slight loss in secondary structure for a single stranded 
chain and in secondary structure and interchain bonding for a twin strand. 

‘How mtiny ba.ses are affected and liow many liydrogen bonds broki n? hrom what 
has been pointed out above, the number must be ery few. It can be estimated very 
approximately in two ways from existing data: {a) from the decrea.se in U.V. absorp- 
tion of inactivated RNA from TMV^^, and from quantum yield data for the .same 
KNAis as genetic markers of pneumococcal T-DNA^**, it would appear 

that inactivation is accompanied bj' the photochemical transformation of about i 
residue in 200-400; (/;) from the observations of Marmur and Doty^o on the depend- 
ence of DNA denaturation temperature on the % guanine-cytosine base pairs, and 
the finding of the same authors that inactivation of pneumococcal T-DNA is accom- 
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panied by a 1.5® decrease in this temperature, it may be estimated that i, or at most 2, 
base residues per 200 are affected for complete inactivation. These figures are to be 
compared with the observations of Freese^’ on reverting point mutations in phage T4 
induced by chemical agents or base analogues, from which it was concluded that each 
mutation is due to the modification of a small number, and probably only one, base 
pair. 

The dependence of the quantum yield, as well as the activation energy and rate of 
TR, for a given pyrimidine residue on the nature of the bases flanking it also makes it 
possible to explain qualitatively the differences in sensitivities of different markers 
and of different organisms, the complex nature of .some inactivation curves and the 
variation in activation energies for 'I'R and PR. For example the kinetic„s of TR for 
IL coli, which have been treateil by BuzzelP* in terms of the “poison theory”, may be 
quite reasonably interpreted in term.® of TR of pyrimidine residues^®. Extension of 
photochemical studios to a wider variety of ba.se .sequences in model polynucleotides 
should considerably improve the ability to interpret sensitivities and ina»‘tivation 
kinetics (see final paragraph below). 

In terms of the above scheme the PR enzyme system of Rupert et al.^ would be 
expected to act on irradiated DNA by removing a water molecule from the 5,6 bond of 
certain pyrimidine residues (see also final paragraph). Attempts have been made; in 
our laboratory by Miss C. J anion to demonstrate such a reaction using nucleotide 
photoproducts, with negativ'e results, perhaps because the' presence of internucleotide 
linkages is a prerequisite for the specificity of the enzyme. If it should prove feasible 
to purify the PR enzyme, one might expect to learn something about its mode of 
action by examining its activity against model oligo- and polynucleotides which have 
been irradiated under conditions such that know’n modifications have beeff produced 
in it. 

The T-even bacteriophages must be considered separately in relation to the fore- 
going scheme inasmuch as their pyrimidine constituents include only 5-substituted 
derivatives, viz. thymine, 5-hydroxymethylcytosine and mono- and di-glucosylated 
5-hydroxymcthylcytosine, which would not normally be expected to give reversible 
photoproducts. And yet the T-even phages readily exhibit PR. A separate investi- 
gation has now shown that all 5-substituted cytosine nucleotides are relatively radia- 
tion resistant and that they form photoproducts (as vet unidentified) which, although 
not susceptible to TR, are relatively radiation resistant and heat stable and contain 
the itUar-t pyrimidine ring so that they are at least potentially reversible by some 
mechanism. It should therefore be recalled that the pyrimidine component of vitamine 
Bi (see above), which is a 5-substituted cytosine analogue exhibits xoo% TR following 
total photochemical transformation. Furthermore, in the work on phage TR referred 
to above it has been shown that phage T2 exhibits considerably greater TR than 
phage I, although it must be admitted that no TR could be found for phage T4. 
There has been no published report as yet of an extracellular PR enzyme system for 
bacteriophages; if and when such an enzyme is isolated it would be of interest to 
examine its behaviour toward the different T-even phages as well as some photo- 
products of 5-substituted cytosine nucleotides. 
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NOTE ADDED IN PROOF 

Since submission of .tht' iuregoing, concrete evidence lias bt'en forthcoming (R. Hkukkrs and 
\V. Berends, Biochim. Biophys. Acta, 41 (i960) 550) for the photochemical formation of cross- 
linkages lictween 5,6 double bonds of pairs of i>yrimidine rings The resulting dimer pliotoproducts 
are dissociated by ultraviolet radiation to the original monomers. Ihe possibility must therefore 
be envisaged that such cross-linking in polynucleotide chains, although not reversible by acid 
or heat, may be reversed by some other mean.s. 
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SOME UNSOLVED PROBLEMS ON PHOTOREACTIVATION 

CONCLUDING REMARKS 

A. C. GTESE 

Department of Biological Sciences, Stanford University, Stanford, Calif. (U.S.A.) 


While the progress presented upon many fronts in this symposium indicates resolution 
of some of the problems of photoreactivation and is a heartening sign of continued 
interest in the effects of U. V. upon cells, there remain a niimber of unsolved problems, 
some of which have been mentioned in the course of the discussions. Attention here is 
focused up)on two; first, why some cytoplasmic effects are subject to photoreversal 
while others are not; second, why U.V. damage to some species of organisms is not 
subject to photoreversal. 

It appears that effects of U.V. upon the nucleus of a giv<‘n organism are subject to 
photoreactivation while effects of U.V. upon cytoplasm may not be. Thus hatchability 
of eggs of Hahrobracon is rodticed whether the nuclear or cj'toplasmic region is irra- 
diated with U.V., but only the nuclear effect is photoreversed^--^. Immolnlization of 
Paraivecium by short U.V. is not subject to photoreactivation, whereas the retarding 
effect of the same radiations upon division, which is probably chiefly due to an effect 
of the radiations upon the nucleus of the .same animals, is photorevensed®. No one has 
been able to photorever.se the effect of U.V. upon the cell membrane. 

Qji the other hand, some effects which are localized in the cytoplasm are photo- 
reversed. It has been reported that the action of U.V. on the spike potential of nerve 
fibers which are detached from the nucleated p-.rt of the cclH is photore versed. In this 
symposium Dr. Tageeva has presented data on plant cells in which several effects of 
U.V. localized in the cytoplasm are. photore versed, the most notablt; being protoplas- 
mic streaming. Dr. Schiff in this sympo.sium, also rejwrted photoreversal of a cyto- 
plasmic action of U.V., namely inhibition of chloroplast development. 

The discrepancy between photoreversibility and non-photoreversibility of various 
cytoplasmic effects may be resolvable on the basis of action of U.V. at many loci in 
the cell, action on different loci being responsible for different effects. Action spectra 
for the U.V. effects upon the cytoplasm of the cell may give pertinent information. 

The action spectrum for inhibition of chloropla.st development in fsjtgfewa implicates 
nucleoproteins. Consequently in this case, the effect of U.V. on cytoplasm may be 
mediated by reactions much like those following irradiation of the nuclei, and like 
those in the nuclei, photoreversible. One might postulate similar action spectra and 
mechanisms for other photoreversible effects of U.V. upon the cytoplasm. The action 
spectrum for effects of U.V. upon nerve, however, resembles protein absorption, 
with the alternate suggestion of thiamin as the substance damaged by the U.V.®. 
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Action spectra have not yet been detennined for the rt'tarding effect of U.V. on 
protoplasmic streaming and other activities of plant colls reported by Dr. Tageeva. 

rh(‘ action sfiec.trum for immobilization of cilia resembles the absorption .spectrum 
by an uncoiijiigated protein such as globulin*, suggesting the pos.sibility that the 
damaging effects of U.V. mediated by cell proteins are not subject to photoreversal. 
However, the action spectrum for the effect of U.V'. on hatchability of Habrohracon 
eggs resembles nuclcoprotein absorption regardless of whether the cytoplasm or the 
nuclenis of the eggs is irradiated^'*. 'Phe confusing problem of the mechanism of 
cytoplasmic photoreversal therefore awaits further work for its resolution. 

The fact that somt’ U.V. -treated cells have shown no photorea»’tivation has bet*n of 
concern for .some time. Quite a number of bacteria, among them some bacilli (ref.®, 
jL io(), it) Streptococcus faecalis and .S'. lactis'>, Azotobocler vindandii’^. Hemophilus 
iniluenzae and Diplococcus pneumoniae^ slum' no pliotorea('ti\’ation from U.V. 
inhibition of growth. Among animal cells, retardation of divi.sion of Blepharisma 
undulans by U.\^'® and changi' in dLstharge from a pre.ssnre rec«'ptor of the crayfish 
produced b>' U.V.“, have been reported as failing to show photL"e\’ersal. Drastic ac- 
tion of U.V. is not subject to photoreversal®. 

The failure of frhotoreactiv^ation in Hemophilus injluenzae has be.m brilli.intly 
ex])loited by invest jga*tor.s at Johns Hopkins Univ’cisity** as was so clearly described by 
Dr. Ruprat at the pre.sent .sym|)osium. Failure to obtain photoreactivation in this 
ca.s(‘ is the consequcnice of lack of the appropriate photoenzyme in Hemophilus', not, 
howe\’er, of the other constituents, since photoreacti\ation of Hemophilus transfor- 
mation is readily achieved with (‘.xtracts of Hscherichia coli or yeast containing the 
pliotoenzyme. It therefoie becomes imixrrtant that other .species which fail to .show 
photoreactivation lx* subjectetl where po.ssible to a similar analysis. 

h'ailure to obtain photoreactix ation in some yeast mutants has been shown at the 
pre.stnt sympo.siuin In' Dr. Fittinann to result from lack of af)propriate hereditary 
determinants. Such non-photorevi'rsible mutants may be ti'st.'d by the Rupert- 
Herriott transfomiing-principle technirjue as describ«'d at th«' .synio’ siiini. 

The retardation of division by U.V. of Blepharisma mululans, a large pink ciliatc, 
shows an action spectrum sugge.stive of the' absorption spectrum of a nuclcoprotein"*. 
No photoreactivation was ob.serv('d when the U.V. -treated animals were illuminated 
with light from fluorescent lamps which for the same dosage produced maximal 
photoreactivation in other protozoans and x'cast. Since Blepharisim contains a pink 
pigment in granules located in the pellicle and .sinci* the absorption spectrum of the 
pigment is consichirable in the regions of the spectrum most effec'tive in photoreacti- 
.vation**, it seemed likely that \ isible light simply could not reach the site of photo- 
reactivation or did so to a negligible degree. 

Th(! pigment of Blepharisma is photodynamic and strong visible iight kills the 
cellsi*. W^eak light, however, docs not kill the cells Lut they divide at a slow(^r rate. An 
alt<!rnati\'e explanation to that previously presented for the failure to get photorc- 
versal in tliis species is that the light reaches the site of photoreversal but that photo- 
reversal is counteracted by the damaging photodynamic action of the light. The da- 
maging effect of light should disappear in the absence of oxygen as in all true photo- 
dynamic effects. This proved t * be true when the oxygen tension was sufficiently re- 
duced and under these conditions photoreactivation was obtained in all cases tested. 
When sufficiently low intensities and .short dosages of light were used it was even 
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possible to demonstrate photoreversal in BUpharisma when oxygen was present, 
although the results are not quite as striking as in its absence^®. Tlie results on Ble- 
pharisma therefore suggest a further test that should be made on so-called photorever- 
sal-refractory organisms. Some findings on bacteria suggest a similar explanation 
(ref.®, p. io6). Oxygen is not necessary for photoreactivation^'*. 

In closing the symposium 1 should like to thank all the speakers for their able pres- 
entations and the audience for the stimulating discussions which have added much 
interest and zest to the meeting. Particularly gratifying has been the opportunity 
which this symposium has offered for the meeting of investigators from many lands, 
with the resultant stimulation and the greater understanding that has developed 
between us all. 
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LICHTBEHANDLUNG VON HAUTKRANKHEITEN 

A RTll II K WIS KEM A NN 

U nivcvsitiita-Hautkli nik Hambnr^-Kppcndi}rj ( Dcntsihfand ) ♦ 


Die Lichttlicrapic dor Hautkrankliciten ist eine Krfalirun{;s\visseiist:liaft. Zwar warden 
/ahlreiche Erkenntnisse libcr die biologischen Wirkun^^en des Lielifcs auf die Zellc, 
(li(‘ Haut and den (jesamtorgaiiismus g('wonnon. ICin direktcT Zusainmenhang zwi- 
'^ehen biologiscliem and therapentischem Kffekl kann jedoeli baulig nur vermutet 
werden. 

Eindeutig ist der Zusanimeiihaiig bei der Rachitis. Voni Organisinus selbst svnthe- 
tisiertes 7-I)eliydrocliolesterin geht unter Einwirkung kiirz- and inittel\vellig(Mi U.V.- 
Eiehtes in antiracliitiscli wirksames Vitamin Da hber. Xaeh van der Eugt and Kottier* 
ist die N’itamin iXbfiil; ..Jc Strahlang < 3ro \r\fi anc h fhi den tlierapi'ntist'lien Effekt 
des Liehtes bei der Haaltaberkulose veranlworllieh zu inac hen. Hei der Psoriasis 
kann eiiic* gleiehartige VVirkungsweise nnr vermutet werden. Hier ist eine tluTa- 
poatischc Wirkung auch iiber die* IMiotooxydation von Sulfhydrilgruppen demkbar. 
Solange wir al)er niclits Nidieres iiber die d(‘r I^s()riasis zugrundliegendc' Stoffweelisel- 
stiirang der Haut wissen, bleib<'n die genannten Vermutungen reine Spekulation. 

Die (Umi stiirkeren Graden di*r Tdehtentzundung mu'hfolgende Ilautse.halung durfte 
fiir den therapeutiselien Effekt des ultravioletten Liehtes b(‘i der Pityriasis rosea and 
v(‘rsieolor verantwortlieli .sein. D(*i der Akne vulgaris kann man (d)enfalls den haul- 
sehah'nden Effekt niitzcn. Wirksam sind aber aucli nntcThalb der Erythem.scliwelle 
liegende Lichtdosen. Hier wie b(M den bakteriell vid/iindlicheu I lauterseheinungen 
einselili(isslieh des bakteriellen und seborrhoischen Ekzems diirfiiu dem tlierapeu- 
ti.schen Effekt die vielfaltigen Wirkungen des Li(:ht(‘s auf den Gesamtorganismus und 
seine Immunitatslage, iiisbesondcre iiber di(‘ Freisetzung von Zellabbauproduktc*n, 
zugrundeliegen. 

Bei der l^eeinflu.ssung der Ichthyosis (lurch Sonnenlicht ist eine Umwandliing von 
Hautcarotin in Vitamin A ahniich einein analog<*n Vorgang in d(;r Netzhaut denkbar. 

Die Wirkungsspektren der zugrundeliegenden biologischen Lie Ltreaktionen geben 
Hinweise fiir die therapeutisch einzusetzendt'ii Spektren. Die Auswahl ist b(*grenzt. 
Die Qu(.*cksilbcrliochdrucklampe hat sich gegeniibiT d(‘n Kohlenbogenlampen immer 
m(?hr durchgesetzt. Variationsmdglichkeiten lic'gen in der Abfilterung des kurzwclli- 
gen Oder des gesamten erythemerzeugenden Ante s des Quecksilbcrs.p(!ktrums und 
in der Kombination mit Infrarotlicht. 

Xenonhochdrucklampen haben sich in der Therapie wegen des grossen technischen 
Auf./andes nicht durchge.setzt. Hire kontinuierliche Sonricn-ahnliche spektralc 
Energieyertcilung im U.V.- und sichtbaren Bereich ist mehr von lichtbiologischem 
als von therapentischem Interesse. Die von uns benutzte Type vermag zwar in 20 
Min ohne Erythem direkt zu pigmentieren. Andere photochemische Wirkungen des 

* Dircktor: lYofossor Dr. Dr. J. Kimniig. 
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langwelligen U.V.-Lichtes auf die Haut sind jedoch bis heute nicht bekannt geworden. 

Eine neuartige Bestrahlungslampc stellt cine Fluoreszenzicuchte mit kontinuier- 
lichem Emissionsspcktrum im U.V. dar. Das Emissionsmaximum licgt ubcreinstim- 
mend mit dem Maximum der spektralen Etythemwirksamkcit des Sonnenlichtes boi 
305 m/<, Lcistungsaufnahme und Abmcssungen cntsprechcn dencn der iiblichcn 
Beleuchtungslampen. Es konnen also auch die iiblichen Fassungen, Starter etc. 
verwendet werden. Nach den bisher vorliogenden eigenen Messungcn und Erfahrun- 
gcn ist die Erythemwirksamkeit gering. Bei der von uns ausgcwiihlten Lampen- 
anordnung mit Aluminiumreflektoren wurden bei 35 cm Lampcn-Hautabstand fiir 
eine Erythemschwellenzeit von i Min 8 40-W Lampen benbtigt. Abgesehen von der 
fehlenden Einbrennzeit, dem geringen Strom verbrauch und der langcn Lebcnsdauer 
erhoffen wir uns einen Vorteil bczuglich der Feldausleuchtung bei der Ganzbcstrah- 
lung, z.B, von Psoriasis- Patien ten. Bisher haben wir mehrere innen verspiegelte 
U.V.-Tnfrarot-Glaskolbenlamptm so angeordnet, dass bei einer anfanglichen Erj'them- 
schwellcnzeit von 3-5 Min die ganze KorixToberflacht; anniihernd gleiclimassig aus- 
geleuchtet wurde, Bei einer Steigerting der Bestrahlungszeit um to“^, von Bestrah- 
lung zu Bestrahlung wurde maximal 20 Min lang bestrahlt. Eine Verringerung des 
Lampenabstandes von der Haut ziir Einsparung von Bestrahlungszeit ist we.gen dei- 
gleichzeitigen erheblichen Warmebelastung nicht moglich. Hier setzt der Vorteil des 
kalten Fluoreszenzlichtes ein, mit dessen Hilfe wir bei gleichem Gewdhnungsfaktor 
und damit gleicher Dosissteigerung auf Bestrahlungszeiten von einer bis maximal 
5 Min zu kommen hoffen. 

T.\»i:i-l.K I 

RKLATIVK DURCHULUTl'NCisr.RdSSEN DliR H.\Vr N'ACU 20 MIN BESTR AHLUNO BHF OERAOH NOCII 

VF.RTRAOr.lCHKR BUSTRAHI-UNOSSTARKH 


Qlithlampc 

0 

WasserfiUcr 

Hnzdraht 

Bestrahlungsstarke i 

1-33 

0*54 

1 

T.02 

0.8 

1 

0.84 

^•75 

I 

T 

0.77 

I 

1.04 

1.02 

1 

T.27 

0.8 

T 

o.Sq 

0.82 

1 

•^•13 

[.21 

1 

1 

1.04 

I 

1-25 

(. r 

1 

O.Cj(> 

0.76 

Mittelwert i 

1.04 

0.907 


Die Dosierung der U.V.-Strahlung erfolgt nach wie vor auf der Bsisis der entzund- 
lichen U.V.-Reaktion. Der Vorteil liegt in dor Vermeidung schwerer Verbrennungen, 
der Nachteil in dem nicht immer gegebenen Zusammenhang zwischen entziindlichcr 
und erwunschter therapeutischer Reaktion. Die Bestimmung der Erythemschwelle 
vor jeder Bestrahlungsserie erfa.sst wohl Veranderungen der Dosislcistung, z.B. 
infolge Alterung des Brenners und individuelle Empfindlichkeitsunterschiede, ver- 
liert jedoch an Wert bei regional unterschiedlicner Vorbestrahlung. In der Regel 
durften Arzt und Patient zur routinemilssigen Erythemschwellenbestimmung nicht 
die genugende Zeit aufbringen. 
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Fur die therapeutischc Wirkung der Infrarotstrahlung auf Zoster-Neuralgien 
und lokale Entziindungen diirfte die reaktive Durchblutungssteigerung entscheidend 
sein. Im Rahmen der gegenregulatorischen VVarmeabgabc kommt es zu einer ge- 
steigerten Hautdurchblutung. Die Impulse hierzu gehen von der o.i mm unter der 
Hautoberflache gelegenen Schiclit der Tliermorezeptoren aus. Entscheidend fiir dii* 
Temperatur und Schmerzempfindung und damit fur die I'hermoregulation ist nach 
Henscl2 allein die Temperatur in dieser Hautschichttiefe. 

Wenn dem so ist, so rniissten spektral unterschiedliche Infrarotstrahh'r bei glei- 
cher, durch die Temperatur am Orte der Tliermorezeptoren bestimmter Schwelle der 
Schmerzempfindung eine gleichstarke Durchblutungssteigerung der Haut bewirken. 
In der Tat konnten wir nach 20 Min Bestrahlung mit einer hochbtdasteten Wolfram- 
gliihlampe, einer glcichartigen Lampe mit WasscTfilter und einem Heizdraht bei 
unterschiedlicher, aber jeweils gerade noch vertniglicher Bestrahlungsstarke nahezu 
gleiche Hautdurchblutungsgrossen messen (Tabelle 1). 

Als Mass der Hautdurchblutung wiirde die Scheinleitfahigkeit diT Haut mit Hilfe 
eincs, nach Angaben von Hensel^ konstruierten (icriites* bestimmt. 

Wenn insbesondere die reaktive Steigerung der Hautdurchblutung einschliesslich 
der konsensuellcn Durcliblutungssteigerung und weniger die passive Erwarmung des 
Gewebes (durch Absorption und Warmeleituiig) zum therapeutischen Effekt beitriigt. 
dann diirfte es ziemlich gleiih sein, ob grdssere Energien des stfirker piquet rierenden 
kurzwelligen Infrarotlichtes oder geringcre Energien des weniger pcMietrierenden 
mittcl- bis langwelligen Infrarotlichts in die Haut eingestrahlt werdeii, sofern der 
Abstand dvr Infrarotquelle von der Haut durch di(' maximal vertragliche Dosis- 
leistung bestimmt wird. 

Zum Schluss mdchte ich kurz auf den durch die Schaffung iilx'rh'gftier Htdl- 
verfahren zunidimend eingeschninkten Indikationsbereieh der derma tologisehen 
Lichttherapie eingehen. Als gesicherte und aueh hcnite nocli giiltige U.V.-Indika- 
tionen gelten die Akne, Psoriasis, Parapsoriasis, Mycosis fungoidiis'*, Pityriasis rosea 
und versicolor, Furunkulose, resistcntc' Falle von Folliculitis barbae, bakteriell(*s und 
seborrhoisches Ekzem, die Ichthyosis und -• weitgehend durch die Isonikotinsiiure- 
hydrazid-Therapie verdriingt — die Hauttuberkulose. Unzureichend gesichert sind 
die FZrfolge bei Alopecia areata, Zoster-Neuralgicm, Lichen ruber, Pruritus, Ulcera und 
Vitiligo. Als gesicherte Indikationen der Infrarot Therapie iniissen die Hidradenitis, 
die tiefe Trichophytie und allenfalls Zoster-Neuralgien und Unterschenkclgeschwure 
angesehen werden. 

Den auf den eingangs zitierten {<berlegungen und klinischer Erfahrung fusseiiden 
Versuch einer Zuordnung dermatologischer Indikationen zu optimal wirksamen 
Lampentypen und Erythemgradim mdgen Sie Tabelle II entnehmen. 

Mit Riicksicht auf das vor uns liegende grosse Programm miichte ich mein Referat 
beenden. Es sollte Sie kurz i'lber die biologischen (irundlagen, den technischen Stand, 
und die zur Zeit giiltigen Indikationen der Lichttherapie von Hautkrankheiten in- 
formieren. 
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THE VASC ULAR REACTION OF HUMAN SKIN TO IRRADIATION 
WITH LONC; WAVE ULTRAVIOJ.KT (366 nyi) AND VISIBLE LIGHT 

(405 AND 436 ni/i) 

P. H. ROTTIliR 

Dermatological Clinic of the State University, Uirriht (The NcthcrUnuh)* 


In an attempt to reproduce the “iininediate pigmentation " wle^'h is said to retpiire 
doses of long wa\’e U.V\ \vhi('h are 500-1000 tinK's as lieax y as tliose \vhi('h cause the 
normal sunburn reaction with short wave V.V., tlu* liglil of a strong iiKTcury 
(SB 500. Philips) used on the skin by glass len^t^s after passage through inter- 

fenaice filters. M(‘asun\s had to bt* taken to previ^nt any short wave* U.V. reaching 
the skin. 

Th(‘ apparatus^ used realizes during an irradiation of 1 min dos<is of 3()(), 405 and 
436 rn// of about 1000 times the short-wave sunburn dose*, which amounts on the 
upper arm to about 25 in Wsec/cm-. During an irradiation of i min tlu' contamination 
with short-wav(‘ ultraviolet is less than o.ooor of a sunburn dost*. 

Till* n'action of th(* skin (mostly of the upper arm) of about 40 patitmts was studied 
witli thi* thrtje wave lengths m('ntioned, and with irradiation times up to 20 min 
(dos(*s up to 300 \V.sec/cm-). In most cases there were visible reac tions which can be 
summarised under the following three heads: 

isi: in about 8o^\', of the cases an erythema was visible immetlia*(dv after the irra- 
diation. It lasted for not longer than 3-5 min and had no after-effects. 

2iici: in about 20 *'o erythema appeared. aftiT a latimt period of several hours. It 
somewhat resembled the normal sunburn reaction. 

3yd : in Jiboiit yo^Vo a bluish-grev discolouration was visible immediately after the 
irradiation lasting for not longer than a few hours. It was not "immediate pigmenta- 
tion" as it disappeared conipletel\' under pres.sure from a j)iece of glass or plastic. 
Later, when the original bluish-grey had diminished, a faint yt‘llowish or brownish 
colour remained visible. Somc^ da vs later, if sufficient irradiation had been given, it 
was succeed(*d by pigmentation. If the skin was tre:ited with an a(ju(*(»iis solution of 
2% naphazoline^ (a constrictor of precapillary b. xl x'essels) 4 - 2'I„ sulfas atropini 
(which strongly fortifies the action of naphazoline), development of the bluish-grey 
discolouration was prevented. We n*fer to this 3rd reaction as "blue hyperaemia of 
the deeper vessels of the skin. The faint discolouration when it was under pressure or 
when it had disappeared was presumably caused by cellular infiltrations around the 
X’cssels involved. 

The three types of visible reaction seem to be independent. They can be present 
* Head: I'rof. Dr. L. H. Jansen. 
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together and can succeed one another. In most cases the blue hyperaemia or the late 
erythema were observed whether or not preceded by the early erythema. In some cases 
the 2nd or 3rd reaction was accompanied by oedema, 

Wc have come to the conclusion tliat all primary vi.sible skin reactions caused by 
irradiation with U.V. or visible light are vascular dilations, the red ones more super- 
ficial, the blue ones deeper in the skin. It is apparent that the vascular behaviour of 
different skins may be quite different, 
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THE NORMAL SENSITIVITY OF HUMAN SKIN TO 250 AND 300 m/* 
ULTRAVIOLET IRRADIATION AND ITS DFPENDENCE ON THE 
THICKNESS OF THE STR. CORNEUM 

P IJ. ROTTIKK 

nennatulngical Clinic of the State Univei-ify, Utrecht {The SctherlamU)* 


An approximate miniTmim erythema dose (MED) for tin* wave length regions of 300 
and 250 m/I, to which the skin is particularly sensitive*, was d(*t(‘iniincd on the upper 
arms of 149 in-patients who die! not suffer from light dermatos(*s. and who were 
selected for reliable* ^^'.sults. 

<*> "k 

rile quartz spe*ctrograph anel nun'cury lamp ust*d for the irraeliatiou had the advan- 
tage of giving an almexst fix(*d ratio for the? intimsities of both wavelengths, while* the* 
I'licrgy falling em the skin had always photometrically been brought to the same' li*vel 
before*, (*ach irradiation. Fig. i shows the mearf MED s for all pe'nseins expressi'el in 
seconds irradiation time, the two mean memthly MED's for the memths June ie)58 to 
April 1950, the mean of the? total, and the mont])ly ratio MED 250/MEI) 300. 


MED MED 250 

seconds MED 300 



Fig. I. Total apd monthly means ol the MED 300, of the MJil) 250 .'nd of the ratio MED 250/ 
MEl) 300 on the upper arm of 149 persons. A mean MED 300 of 33 sec corresponds with approxi- 
mately 25 m\Vsec/cm*. 


From Fig. i the mean pensitivity of tiic patients would seem to be highest during 
July- August and lowest during September-November (perhaps also during April- 
^ay). The lowest stinsitivity seems to occur in those periods when most light der- 
matosis cases present themselves at the clinic. Moreover, it will be seen that an in- 
crease in the MED 300 is accomi)anied by an increase in the MED 250 and also by 

• Head: Prof. Dr. L. H. Jansen. 
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an increase in the ratio MED 250/MED 300. This ratio tends to be high when the mean 
sensitivity is low. This dependence of the ratio 250/300 on .sei^itivity points to the 
fact that the screening power of the horny layer which determines the overall sensi- 
tivity of the skin is greater for 250 myw than for 300 m^. 

An approximate calculation of the dej)endencc of the two MED’s and their ratio 
has been carried out in the following way. Using several extinction coefficients of the 
homy layer at 300 and 250 m/t, the MED’s were calculated for several tliicknesses of 
this layer on the upper arm. The results were compared with a plot of the.se values as 
they were determined for the 149 patients examined. The best fit gave the values in 
Tabic I. Note that in this table the figures are given in different units (mVVsec/cm^) 
from tho.se in the figure (seconds irradiation time with our apparatus). 


TABLE I 


Thickfu'ss of 

MED 300 mWseci'im^ 

Ratio 

str. enrneum fi 

cpicornetd 

25 o/j«o 

0 

3 3 

0.25 

7 

6.6 

0.36 

M 

*3 3 

0.52 

20 

2.4.0 

0.70 

^7 

48 

T.OO 

35 

106 

I 50 

4 ^ 

212 

2.14 

49 

425 

3»3 


W'ith the help of the values in this table mon* accurate determinations of the MED’s 
will be possible, which in turn will permit calculation of more accurate values for the 
dependence of the ratio 250/300 on the thickness of the horny layer. The values given 
in Table I have ahead}’ made it possible to distinctl}' .separate abnormal MKD’s from 
those which were, apparently determined with a low accuracy. In this way the normal 
MED 300 on the upper arm was established to be 24 mW.sec/cm- for women (ratio 0.7) 
and 19 mWsec/cm’^ for men (ratio 0.6). 

The normal thickness of the horny layer on the upper arm \’aries over the range 
8-27 /i. An increase of this thickness from 20 to 40 jn dccrea.ses the sensitivity for 
300 m/i to about 1/8 of the normal sensitivity. Tln.s increase can easily be obtained in 
normal persons by irradiation with U.V. light. If it can be obtained in light dermatos('s 
it will be more effective than, and preferable to, most screening mixtures. 

Correctly determined abnormal MED’s which show a ratio 250/300 (luite different 
from tho.se given in the table j)oint to abnormal erythema togenous proce.sses in the 
skin. This has been found in several cases and indicates independence of the two 
proce.ssesLi*. 
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DRUG-RESISTANT MALARIA TERTIANA CURED BY 

PHOTOTHERAPY 

J. D. MIILOKR 

Leiden (The Netherlands) 


Althouii^h pliotothonipy is not a new method of treating malaria - in ic)3r) C.Wyi'kcr- 
lield Bisdom and D. Muldc^r re])orted cas('s of malaria (:un‘d by phototherapy at the 
Third Int(^rnational Liglit-('ongress — 1 think it as well to present to you tla; history 
of a cure of a case of malaria tertiana which I was in a position to lollow very clos(*ly. 
In fact, the patient haj)j)en(id to be myself. 

Wlu'ii 25 years ojil, the patient went to the tropics as a soldier -his medical 
examination had slTowh liim to be in good health. On board the troopship tlu' customary 
(|uinine prophylaxis against malaria was started, and continued during the follow- 
ing years in th(‘ tropics. In October 1947, tropic's and shortly after 

transference to a highly malarious area, the first symptoms of malaria manifested 


themselves: iK'adache, shaking chills. 


fever. Laboratory tests for malaria were 


however, negative. In December 1947 same sym|>t()ms rccurnxl; the patient was 
admitted to hospital with iiigh fever and this time malarial parasites were found in the 
bloodsmear: malaria tertiana. Therapy was started at once with tjuinine and plas- 
mocliiiu;. Discharge from the hospital followed after 7 weeks, by which time' the 
bloodsniears were repeatedly negative for malaria. A n^lapsc oc('’*rred in April 194^ 
and the patient was rehospitalized with high fever. Ihe therapy *'*ith quinine and 
plasinochine was supplemented with atebrine, and the patiimt was discliarged after 
7 wet'ks, once again after repeatedly negative blood t(‘sts. Sul secjuently paludrine 
(which was then new) was used as a prophyhactic measure, alternating with atebrine. 

On his ndurn to tin? NetluTlands in June I 949 » f P^itient was (examined and found 
to be anaemic, too thin (weight 65 kg, lunglit T.82 m) and enfeebled. This was attri- 
buted to maharia which was latent as a result of the drug treatment. The physician pre- 
dicted relapse if prophylaxis was discontinued. I his had already been done and symp- 
toms of malaria did indeed appear at the end of J une 1949 gcmeral malai.se, 

fever and shaking chills. The bloodsmears were highly positive for malaria tertiana. 

The patient was now left with the alternatives of continuing the chemotherapy or 
changing to general phototherapy. Since the former liad failed to effect a permanent 
cure in the preceding y^ears, the patient chose the latter course. General phototherapy 
should be taken to mean irradiation with ultraviolet and infrared light, the light sources 
being at such a distance from the patient that he receives as it were a lightbath . The 
dosage is gradually^ increased in proportion to the needs and tolerance of the patient. 

To gain a clearer view, one of the walls of a small therapy' room was removed. This 
room measures approximately 2^ X 2J x 2J m, and is provided with 6 Sollux 
(infrared) lamps of 1000 watts (?ach and 6 mercury vapour lamps (ultraviolet) of 700 
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3 -^ 

watts each. The patient lies wholly or partially undressed on a low couch or on a mat- 
tress on the floor, so that the distance from the light source is about 2 m (Fiff. i). In 
this way a diffuse exposure is brought about with ultraviolet. Ihe infrared lamps 
yield a more direct radiating warmth which is enhanced by their reflectors. 



Fig. I. 


The period of treatment by phototherapy for the permanent cure of this malarial 
infection lasted from the end of June until mid- August. Fig. 2 shows the temperature 
curve for this period. It shows 4 groups of regulai tertian attacks of fever alternating 
with a few days of normal temperature; there were 21 attacks in all. The arrows 
at the top of the graph indicate the number of lightbaths received in this period, a 
total of 46. The intensity and duration of the exposures was gradually increased in 
accordance with the patients endurance, i.e, from about 5 ^nin at the start of the 
treatment to 30-45 min at its height. 

The attacks were mostly severe, but did at length abate. They began with severe 
headaches, nausea and vomiting followed by shaking chills, although their unpleas- 
antness was greatly mitigated by the beneficial warmth of the infrared lamps. Soon 
after the chills the temperature rose quickly (highest temperature recorded, 41.7"^) and 
persisted for some hours ; a cold shower could then make the temperature drop fairly 
rapidly to more normal values. During the afebrile days and periods the patient was 
up, did his work, walked, in short was able to lead a practically normal life. Because 
of this, when the attacks ceased, convalescence was quite rapid. 

Table I shows some laboratory findings on the bloodsamples taken during and after 
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the phototherapy. It should be noted that this examination of the blood reflects more 
accurately the actual situation than that during and after chemotherapy, since the 
malarial plasmodia do not retreat from the peripheral blood and lodge in organs such 
as the spleen and liver. 

The notable fact here therefore, is that a malarial infection which had already 
become chronic, which had resisted prolonged therapy with the known antimalarial 
ag(‘nts and had become resistant, was permanently cured. Up till the present moment, 




TAIU.E 1 

WEIGHT OF PATIENT AND BLOC)D ANALYSES DURING AND AFTER PHOTOTHERAPY 


Year 

1049 


Date 

JfiJ 6 

1717 

\y eight (kg) 

05 

05.8 

Erythrocytes (mill.) 

•1*5 

2.9 

Hemoglobin (%) 

90 

65 

Slide (malaria) 

-I- + + 

+ + 


1950 



toly 

liio 

jiUo 

lofS 

06.5 

71 

7 > 

7 > 


3.68 

3.85 

4-74 

4.28 

4-47 

75 

77 

95 

85 

91 

++ 




— 


II years later, the patient has remained completely free from complaints which might 
be attributed to malaria. 

The difference from the usual course of treatment lay in the fact that no drugs were 
prescribed or taken, that only optimal daylight was used, that bed-rest proved 
necessary only during attacks and that a complete and permanent recovery was affect- 
ed rather than a rapid, but impermanent cure. 
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DIE BEDEUTUNG VON LATENZZEITEN FVR U.V.-STRAHLEN- 
BEDINGTE VERANDERUNGEN AM LEBENDEN (iEWEBE* 

W. HANKE 

Zoologischcs Institul der Unwersitilt, Frankfurt aJM (Deutschland)** 


Primiireffekte, die durch ultraviolette Strahlen hi^rvorgerufen werden, keinnen nur 
in den obersten Hautschichten erwartet werden, da die Eindringtiofc dieser Strahlen 
nicht sehr gross ist. In fruheren Untersuchungen (Biieker und Ilank(d) konnt(* go- 
klart werden, dass bereits bei einor Eindringtiefi* von etwa 30 /i die si^hr wirksanu* 
Strahlung des IJ. V. B (2<So-32om^) im Durchschnitt auf etwa 30'*;, geschwacht wird. 
Dadurch betragt die an dieser Stellc absorbierte Enorgie nur noeh etwa 1% der aiif- 
treffenden Strahlung. 

In diesen ob(^ren Hautschieliten treten aiich beneits Sekundiireffekti* auf, die \"on 
den Primareffekten angcregt werden und nach einer bestimmten Latenzzeit nach- 
weisbar sind. Audi sie kdnnen fiir den Kdrper eine Reizqudle darstellen. Primar- und 
Sekundar-Reaktionen in der Haut lass(‘n sich zum Teil histocheniisch iiiwhweisen. 
Diese Reaktionen spiegein Zellveranderungen wieder, die teilweise reversibel, toils 
aber irreversibel sind. Ini letzten Falle haben diese Veninderungen daiin als Sekun- 
darreaktioneii die Ausbildung von Regcnerationsblastemen zur Eolgt*, die sich 
histochemisdi durch besondere Aktivitat auszeichnen. 


MKTHODIK 

Der Nachweis der Veriinderungen erfolgte an Qnerschnitten von Hauten, bei d(‘nen 
eine kleine Stelle bc.strahit worden war. Die Strcdilung wurde strong lokalisiert, so 
dass im Quersclmitt neben der bestrahlteii Stelle unbcstrahlte Regioneii zur Kon- 
trolle zur Verfiigung standen. Die Bestrahlung erfolgte in der Regel am Tier; die 
Feststellung der Verandorung entweder sofort nach der Bestrahlung oder nach Lateiiz- 
zeiten, wenn die Untersuchung von Sekundarreaktionen geplant war. Die Bestrah- 
lungen wurden an Riickenhautbezirken von weissen Mausen und Frosch.schwimm- 
hauten vorgenommen. In beiden Fallen war gcwahrlcistet, dass nur eine dunne Horn- 
haut vorlag, so dass keine starke Absorption des kurzwelligen U.V. angenommen 
werden mu.sste. 

Als Bestrahlungsquelle dienten Quecksilberhochdruckbrcnner. Die angewandten 
Intensitiiten sind in fruheren Arbeiten angegeben (Hanke^ ^), Die eingestrahlte 
Dosis bei Bestrahlungszeiten von 5-30 min liegt wesentlich iiber der Erythemdosis 
(im Durchschnitt ptwa das lo-fache derselben). Diese? hohen Intensitiiten wurden angc- 

• Meinem verehrten Lehrer, Herm Prof. Dr. H. Giersberg zum 70. Geburtstag gewidmet. 

♦* Direktor Prof. Dr. H. Giersberg. 
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wandt, da die Reaktionen auch nocli in ticferen Hautschichtondeutlich werden soli ten. 
A us dieseni Grunde sind die Veninderungen bei tlierapeutischer Anwendung der 
L'.V .-Strablen nidit in dicsein Ausmass zii erwartc'ii. Ks ist aber olinc weiteres an- 
/unehiTien, dass auch bci Bestrahliiiigsdoscn in der (irossenordnung der Krythem- 
sc hwelle entsprechende Zellveranderungen in der Epidermis aiiftreten, die als Reiz 
iVir den Kdrpcr gelten konnen. Dm Untersuchungen sollen also als Modellversiiche 
\'crstanden werden, aus denen sicli die Vcranderungen nach tluTapeutischen Bestrah- 
lungsdosen abschatzon lassen. Es handelt sich hierbei urn die Erforschung dor grund- 
siitzlii'lien Zellreaklionen aiif Bestrahlung bin. Gewissi* unterschiedlichc Reaktionen 
l.ri‘teii l)ei Zellcn vers('ln('xli*nen nifferenzierungsgrades aiif, da diese sich in Bezug auf 
dit‘ Ausgangssitiiation beachtlich unterscheiden konnen. 

ERGEBNISSL 

Die auf Bestrahlung beobachteten Rt^aktionen sind selir vi(‘lg(‘staltig. Oxydations- 
wirkungen, die sich als Aktivitatssteigerung des Peroxyd-Peroxydase-Systems und 
der Tyrosinase n«ichvvcisen lassen, treten im bestrahlt(‘n Bereich auf (Dubouloz und 
Dumas’^; Hanke”*^’). Sic werden mit Hilfe der Nadi-Reaktion am nnfixierten und der 
Dopa-Reaktion am formolfixierten QucTschnilt deutlu li. Durch Katalase, die Per- 
owde in dor Haul zerstort, wird die Nadi-Reaktion v^erliindert. Hieraus ergibt sich 
(lie Bi'deutung der gebildctciii Peroxyde fiir diosen Prozess. Bei einer Reihe von Dehy- 
drogenasen konnten Inaktivierungen beobachtot werden (DPN-Diaphorase, Bern- 
stcMnsiiiiredehydrogenase und Milchsauredehj^drogenase). Damit diirfte nachgewiesen 
sein, dass der Atmungsstoffwechsel der Zelle stark gestdrt ist ( Hanke^) . An zwei weitcren 
l'(Tmentsystemen konnten St rahliings veninderungen cU^utlich gemacht werdefn. 
Sowohl die Aktivitiit von alkalischer Phosphatase als auch von unspczifischer Este- 
rase* wurde V(‘rringert (Hanke^). Diese Eerinente sind in d(‘ti Differenzierungsvorgang 
eingeschaltet. Sie dionen wohl weitg(‘hend dem Nukleinsaurcstoffwechsel und dem 
Aufbau s{)ezifisch(!r Zcllverbindungen, die fiir besonclers differer. 'it rte Zellen von 
Bedeiitung sind. Der Angriff der ultravioletten Strahlen auf den NekUdnsauregehalt 
zijigt sich aber noch doutlicher. Durch eingehemh* Untersuc'hungen iiber den strahlen- 
induzierten Kernzerfall ist klar gewordcni, dass dit* DNS des Kerne:. Angriffspunkt der 
Strahlung ist und durch kurzwelliges U.V. stark veriindert wird. Neben der DNS 
zeigt aber auch die RNS des Cytoplasinas Reaktionen auf Bestrahlung. Der Nachweis 
der RNS in den Zellen erfolgt mittels gepufferter Methylenblau-Uisung (pH 
Bei diesem pH beruht die Basophilic des Cytoplasmas fast nur auf RNS, wie sich 
durch v'orheriges Inkubieren der Schnitte in Ribonuklease leicht nachweisen lasst. 
Direkt nach der Bestrahlung ist die Basophilie des Cytoplasmas im allgemeinen 
erh()ht. Dies dcutet jedoch nicht auf eine Erhohung der Menge von RNS hin, sondern 
beruht auf einer Vermehrung freier basophiler (sau»*T) Grupptm. Nach ':iniger Zeit 
wird diese veriinderte RNS abgebaut. Die bestrahlte Stelle wird weitgehend frei von 
RNS. Es erfolgt dann emeuter Aufbau iiber das Regenerationsblastem. Zur Unter- 
scheidung von Primar- und Sekundar-Rcaktionen ist die Beachtung von Latenzzeiten 
bis zum Feststcllcn des Erfolges von grosser Bedeutung. Tritt eine Reaktion erst 
nach Verlauf einiger St unden auf, so kann als sicher angenommen werden, dass sie 
sich aus der Anstoss-Reaktion erst entwickeln musste, unter Umstanden mit Hilfe 
verschiedener Systeme. Andererseits ist eine strenge Trennung der Reaktionen, die 
im Strahlenabsorptionsgebiet ablaufen, wahrscheinlich nicht so einfach moglich. 


Liter atur S. 341 
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Haufig konnten Rcaktionon erst nachgc'wioson werdon, wenn die am Tier bestrahlt( 
Hautstelle nocii eine bestimmte Latenzzeit lang am intakten Tier vcrblieb. l)i( 
Einfliisso \'on Latcnzzeiten zeigten sich aber auch dann, wenn Wirkungen scbon 
direkt nach der Bestrahlung beobachtbar warcn. Kleinore Dosen, die noch keine 
Reaktion direkt nach der Bestrahlung nachweisbar werden Hessen, zeitigten eine 
solche nach einer Latenzzeit, wenn das Hautsliick am intakten Tier verblieb. 

Die Notwendigkeit einer Latenzzeit ergibt sich aus folgcmdcn Punkten : 

(1) Die Blutversorgimg muss bestimmte Stoffe zum Bestrahlungsort bringen nnd 
cine hohe Sauerstoffspannung dort aufrecht erhalten. 

(2) Der Abbau primiir veriinderter Stoffe bedarf «*iner gevvissen Zeit. 



Abb. 1 . Mauscruckenbaut, quer, (Jcfri<!rschnitt, unfixiort. Vers. .\1 34. Hestrahliingsz< it 30 min. 
Latenzzeit 196 Std., pPN-Dikphoras(!-Nachweis, V«*rgr. 35-fach. 1 Zenlruiii der l)estrahlten Stelle. 
Inaktivicrung des I'enncntes, z Uegenerionmde Grcnzznne init verstarkriT .Aktivitiit. 3 I’nbe- 
teiligtc Scitonzt)ne, 4 lipidermisblastem, 3 Corium. 



Abb. 2. Mauscriickenhaut, quer, Gefricrsclinitt, unfixicr.t. Vers. M 34, Bestrahlungszeit 30 min, 
Latenzzeit 196 Std., Nadi-Rcaktion, Vergr. 35-fach. r Zeptrum der t>estrah]ten Stcllc, gcringcre 
Aktivitat, 2 Rcgcneriercnde Grenzzonc mit starker Aktivitat, 3 Schr weit seitlich liegendcs 
Corium, leichte Reaktion, 4 Epiderntis, 5 Corium. 
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(3) Regenerative Krseheinungen werden erst nacli einigor Zeit sichtbar. Kin Beispiel 
fiir die erste Bedinpmg ist die Aktivicrung des Peroxydase-Svstems nnd der Tyrosi- 
nase. Beide Keaktionen treten bei geniigend intensiver Bestrahlung an der Frosch- 
.sehwiinmhaut bereits direkt nach d.-r Bestrahlung auf. Bei der Milusehaut dagegen 
z(>igon sich du‘ Keaktionen aber erst nach etwa 24 Std. Aiich bei der Frosehschwimm- 
liaut wurde von geringeren Doscn nachgewiesen, dass direkt nach der Bestralilung 
nocli kein Effekt und nacli edvva 24 Std. dcutliclu* Aktivicrung zu bcobachteu war. 
Hieraus kann geschlosscn werden. dass in beiden hallen eine reziproke Abhftngigkeit 
iler Zeit bis zum Reaktion.snachweis von der Dosis b(>steht. Dt;r Cirund fur dieses 
\ ei naltt'n ist ilarin zu su< hen, das.s eine intakte Blutversorgung und eine hohe Sauer- 
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stoffspannung im Gewebo Voraussetzung fiir die Rcaktion sind. Werden abge- 
schnittene HSute bestrahit oder intakt bestrahlte Haute Ijlngere Zeit bis zur Unter- 
suchung abgeschnitten gehaltcn, dann tritt der Effekt nioht ein. 

Unter die zweite Bedingung fallt die Inaktivicrung dcr Dehydrogenasen, der alka- 
lischen Phosphatase und der unspezifischen Esterase. Fiir diese Ftirmentinaktivierun- 
gen wurde nachgewiesen. dass auch sie bereits mit geringeren Doscn erzielbar sind, 
wenn bis zum Nachweis des Effcktes eine Latenzzeit verstreichcn kann. Gleichzeitig 
konnte aber deutlich gemacht wtjrden, dass diese Effekte auch eintreten, wenn abgo- 
schnittene Haute bestrahit werden, bzw'. die Haute nach Bcstrahluug abgeschnitten 
belassen werden. Hierzu ist also die Zufuhr bestimmter Stoffe durch die Blutversor- 



Abb. 5. M&useriickenhaut wie Abb. 4, PAS-Rtaktion auf Glykogen, VVrgr. bo-fach. Uezoicliung 

wie Abb. 4. 


gung nicht nhtig. Man kann tlie.se Reaktionen nlso mit gros.ser Wahrscheinlichkeit als 
Primarreaktionen betrachten. Auch die VcramJeningen der RNS-Molekule gehtiren 
zu diesem Punkt. Hier lasst .sich die Anfangsreaktion durch die erhbhte Basophilic 
besonders gut erkennen, dcr dann der Abbau folgt. 

Zur dritten Erklarung fiir die notwendige T.atenzz<!it liLsst sich eine Reiho ^’on 
Aktivitatssteigerungen anfiihren. Bei der Mauschaut vor allem, eihohcn sich urn das 
bestrahlte Gebiet herum in einer Gronzzont?, die grbsstenteils zur bcstrahlten Zone 
zahlt, in geringerem Umfang auch unbestrahlte Regioiien mitumfasst, nach noindes- 
tens 48 Std. die verschiedenen Fermentaktivitaten, die oben erwahnt wurden. Sowohl 
im Corium als auch in der Epidermis wird Steigerung Jer Aktivitat der DPN Diapho- 
rase und der alkalischen Phosphatase deutlich. Die unspezifischen Esterasen vcr- 
starken hSchstens geringfu^g ihre Aktivitat. Die O.vydationswirkung dieser Grenz- 
zone ist sehr hoc h. Dies zeigt, dass hier Abbauprozesse ablaufen, die hohe Energit* 
mengen bencitigen und besondcre Anforderungeii an die Fc.rmente des Differenzie- 
rungsvorganges stellen. In dieser Region ist auch sowohl in der Epidermis als auch im 
Corium der Gehalt an RNS bedcutend erhoht. Dies ist verstandlich, da in die.ser 
Region die Eiweisssynthese, in die die cytoplasmatische RNS eingeschaltet ist, in 
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liohoni Masse verstarkt ist. Die Reaktion der RNS und der verschiedencn Fermente 
liegt im Cirossen gesehen etwa an der gleichen Stelle. Sie beginnt nach etwa 50-60 
Std. und noigt sioh etwa 300 Std. nach der Bestrahlung dem Ende /u. Dit!S ist aher 
wcitgehend abhangig von der (irosse des bcstrahlten Areals. Im Coriiim lauft diest‘r 
Prozcss parallel mit der Zuwanderung der vcrschiedensten Zellformen, die zum 
Aufbau der Coriumfasern in diesem Bereich fiihrl. Das \ erdickte Epidermisblastem 
schiebt sich von beidcn Seiten nach der Mitte znsamnu'ti. 

Schr intcressant ist das Verhalten des (ilykogens in diesem l^lastem. Mittels der 
PAS-Reaktion und Kontrolle mit Diastast'-Behandlung liisst .sich uachweisen, dass in 
bestimmten Zellen des Epiderinisblastems eine Ann'ichenmg \ (>n (ilykogeii eintritt. 
Es sind Zellen, die im Blastem der bestrahlt(‘n Stelle zugerii-litid sind. Die Ih'deutung 
ilieser Erscheinung ist weitgehe.nd unklar. Vcrsnche zur Kliining sind im Gauge. 
Dieses (ilykogen tritt ebenfalls nach etwa 50-60 Std. in Erscheinung mid verschwindet 
aber sclion nach 200 Std. vviedt'r. 

Die Abb. 1-3 zeigen die.se Verluibnisse. Im bestrahlti'ii Berekh sind nach einer 
Latenzzeit von etwa 100-200 Std. deutlich die Inaktivierung der DPN-Diaphorase, 
der Esterase, der alkalischen Phosphatase und der .\bbau der KNS zu erkcnneri. In 
der (irenzzone un<l d('r verdi(-kten Ejiidermis zeigt sich verstarkte Aktivitiit. Die 
Oxydationswirkimg ist b»‘.son<lers stark in der (irenzzone, aber auch im Zentrum 
iioch erhbht. Die Abb. 4 und 5 geben die X'erteilung von K.NS iiiul Glykogen im 
Eiiidermi.sblastein wieder. 
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LOWERING OE THE TEMPERATURE OF HUMAN SKIN AFTER 
IRRADIATION WITH ULTRAVIOLET 

J. C. VAN DF.R LEl'N 


Dermatological De partment of the State University of Utrecht (The Netherlands) 


Ultraviolet irradiation of human skin can give rise to changes in skin-temperature. It 
is well-known that severe sunburn erythemas may be warm. It is less well-known but 
occasionally reported in literature that ultraviolet-erythemas can also be "cool”, in 
comparison with surrounding non-irradiated skin. We. tried to measure these temjXTa- 
ture-differences because we hoped in this way to find a feasible i|uantitativ(! measure 
for the irradiation effects. 

The measurements are carried out in a climate-room with regulated air temperature 
and humidity and the infrared radiation of the skin is directed by means of a tlx'r- 
mopile. In this way it is possible to mea.sure the skin temperatures conlinuousl\' 
without appreciably disturbing the temjjcrature-pattern. ‘»'' 

As yet, w<‘, have only performed proliminaiy’ measurements. On the inner sick* of the 
fore-arm, erythemas were elicited vjith a diameter of 2-3 cm. These erythemas were 
mostly of the 300 m/i type. I'he temperatures were measured in the centre* of the 
irradiated area and iii two fi.xed positions a few cm outside it. As a measure* of the 
temperature -effects of the irradiation we used /\ 7 ', the dif fenmee betwt*en the tempera- 
ture at the centre of the irradiattxl area and the mean of the temp(*ratures of the 
two other positions, diminished by the value of this same ejuantity before the irradi- 
ation. 

The temperature-effects turn out to be quite variable and strongly dependent on 
conditions. It se(*ms improbable that the. temperature will be useful as a measure of 
the irradiation effects. However, some interesting ^x)ints can be noted. The present 
discus.sion will be confined to what is mea.sured during the interval bctw(;eo irradiation 
and the start of visible reddening of the skin, i.e. the delay-time of the erythema. 

During this interc'al, the irradiated area is nearly always cool in comparison with 
the surrounding skin. This seems to be true in cases ranging from irradiation with 
sub-erythemal dose to those with rather severe do.scs, which later on give ri.se to warm 
erythemas. The effect is small, /\T being usually not more than -o.i to — 0.2°. We 
are interested in it, however, because; we know hardly any established fact in relation 
to what is happening in the skin during the delay-time. ’ 

When docs this cooling begin? At the mewneut this »\ucstion cam\ot be answered 
with certainty. Immediately after the irradiation the temperature-pattem of the skin 

area isliealed by the radiant ener, v', the sun ounding skin 
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hy the screen which has covered it during' the irradiation. Thus it is necessary to wait 
until a stationary state is estahlislu'd. After ahoiit o.^ li the effect is iiearlv' ct/wcIVS 


l^resenl. This is long before the start of the reddening with the (los(\s used. 

What is the cause of the decrease in temperature? To answer this (|U(‘stion defini- 
tively morc^ measurements will he lUi tled in order to si‘e how the effeiT depends on 
conditions. How(W(T, there are some indi(*ations that it is (*aused by increased evap- 
oration of wattT from the skin. 

For existing erythemas Felsher and Rothman^ demonstrated bv nutans of direct 


cA'aporation measurements that the normal insensible piTspiration was increased by 
.20 to 40*^0- Ihis was measured 24 h after irradiation. 

We measured AT 10 h after an irradiation and then suddenly raised the nOative 
humidity of the air in the room Irom 25 to ijo ’,,. ‘ T. which was about ().2‘" 
belore this operation, lu^arly (lisa})peared. It returni'd to about the original value when 
the humidity was lowered again. 

It seems that m this case tluTe was increased (evaporation from th(‘ ervthema 10 h 
afl(T irradiati(m. We haw. not made such m('asureiTU‘nts sc toner a ftiT irradiation but 
the c(3ntinuity of the curve ol /\T verstis time sugge^sts that the same effi'ct alrc'ady 
exist(‘d less than one hour aft(T irradiation. ;\n (‘.stimation of the amount of excc'ss 
e\'aj)orationfiwtlcd loi such a temperature decrease* e an hr. mad(‘bv a rough calculation. 

During a c(‘rtain time interval an anxi of skin dissi])ites a (luantity of heat //, 
partly by radiation and conduction, partly by evaporation. Supp«)sing that in a case* 
wiihout sensible sweating tlie insensible perspiration accounts for of the heat 
dissipation, or o.t //, tin* nanaining 0.9 // is leH for radiation and (‘onduction. The 
latter dissipation is roughly proportional to the diffenaice betwe(*n skin temperature 
and environment ttmperature. Supposing this difft‘r(*nce to be about io'\ a tempera- 
tun* d(vr(*a.se of o. r'’ diminishes the heat dissipated by thi*se proc(\ssi*s by 1“', or 
roughly by o.oi If . In order to incr(*ase the dissipation by evaporation by this same 
am( 3 unt, the (*vaporation must be increased bv io'\,. tiu* m(*asiin*d / / of 

o.i to - 0.2 ’ could be accountc'd for by an increa.se of insi-n^ible p(*rspiration from 
10 to 2o'\\. 'fliis would agree* fairly well with the increa.si* of 20 to 4o''o found diri^ctly 
by Felsher and Rothman for more de\'(*loped and probal !\’ more .severe (*rvthemas. 

Then! is another indication of incn*as(Tl evaporation from the irradiated skin area. 
It is geiKTally believ(*d that during the d(*Iay-tiine notliing can be seen on the skin. 
Ho\v(wer, especially after irradiation with 250 m// radiation, a slight darkening of the 
skin is often perceptible from about 1 h after irradiation <*v(*n in cas(*s in which the.* 
reddening onlj' occurs aft(*r 5 h or inon*. I his darkening of the skin without any change 
in colour is best observi^d in soft, diffuse light in a half dark room. 

It is attraetiv(! to think that what w(! s(!e h(*re is another facet of the same fact, a 
decrea.se of light scattering in tlu! .stratum crnieiim bj' iinbibit*(*a of this layer with 
fluid from wliich wat(*r is (*\aporating at the .surface. The decrivast* of scattering 
fractionally diminishes the white light returning from the skin thiisgiv'ing the darkening. 

As a test of tliis hypothesis wt^ tried t(3 imitate* the darkening by apjilving watci to 
the skin. An area of skin w'as wetted with a soft brii.sli over 0.25 h. When this had 
been Aone on a fair, dry skin a darkening which was ejuite similar in appearance 
appeared. 'I'his "water-darkening” is also best observed in the half dark. This obser- 
vation is thought to support the hypothesis that incrcusecl evnporcition occurs quite 
(luickly after irradiation. In any case there is an effect hen!, possibly on the vessels of 
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the skin, that occurs long before the widening of the vessels which is seen as reddcnim 
of the skin. 

After many years of research and theory the proce.sses occurring during the delay- 
time of the erythema are still unknown. More observations seem to be required on 
these processes some of which must be essential for the understanding of the erythema 
of sunburn. It is hoped that the early effect discussed here will be of some helj) in 
this direction. 
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UN'SERE UNTRRSUCHUNGEN OBER DIE WIRKUNGSWEISE DES 
ULTRAVIOLEITEN LICHTES BEIM (HiSUNDEN ERWACHSENEN 

IJ.V.-BESTRAHLUNG UNI) VITAMIN C-SFIEGEL 

K. SKIOL 

Max-rimick-lnsiitttt fiiv Arhcitsfihysiolof*u\ Dorhintiuf ( nrutarhland) 


In zalilrcichen IJntiTsudmngen koniite gezcigt wTidcn. class (lurch crythenui'irksamc 
r.V.-Bestrahlungcn unci nur clurch clies<‘ die Leistungsfaliigkcit dcs gesuncl(*n Er- 
wachscMicu erh()ht werden kann. 13 cr in unscri'ni Sinne init Erfolg bostrahltc Mensch 
cs sind niclit all(‘- *kann bei glt'ichcr Kn'islaulbdastung cine* lidlicrc Leistung 
vollbringcn. Die nacli Abklingen cb\s Erylhems auftreti^nde VVii kung der Ultraviolett- 
beslrahlung deck! sich nicht niit der antiracliitisclu'n U.V.-Wirkung. 

Indem wir \'er*;ulAiUn der Wirkungsweise der D.V.-Bestrahlung niiherzukommen, 
sahen wir in clc‘n Untersuchungen der l(‘tzt(*n Jalire eine Keilu* \ on Wirkungen, die auf 
cine ('ugere Verknuj)fung der U.V’.'Wirkung mit dt'in Vitamin ('-Stoffwechsel hinzu- 
deulen schienen. Tch nenne in rascher Folge einige dieser Hefiinde. 

Die Aiisscheidung dcT 17/21 Hydroxv-20*ketosteroide sleigt bei i*inigen, aber nicht 
l)ei alien Versuchspersonen unter der zu (‘iner Lichtentzundiing der Haut fiihnjnden 
n.V.-Hestrahlung an (Abb. i). 

Setzt man voraus, dass NelxainitTenrinden-Aktivatat und Nebenuicrenrinden- 


Abb. I. 1 7,2i-l)ihydr()xy-20'kutostcr()icl-.\ussclici- 
clung unci rc'spiratorischcr Quotient iiacli L’.V.-, \’it. 
IV, LJ.V. 1 Vit. I Vileliandhing. Mit dreifachem 
niittlen'ii Fehler des Mittelwertes : • NNKH-Aus- 
sclieidung ; x RQ iin Arboitsumsatz ; O KQ im Grund- 
umsatz. 
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Ausscheidung parallel gchen, fo wird durch die U.V.-Bestrahlung die Nebennicren- 
rinde aJctiviert. Die engen Beziehungen zwischen Nebennierenrindenaktivitat und 
dem Absinken des Vitamin C-Spiegels dor Nebenniere sind gclaufig. Die Hormone der 
Nebenniercnrindc sind eng vorknupft mitdem Muskelstoffwcchsel und der Muskelkraft. 

Skeletmuskulatur, die man tiiglicli cinigc Male isometrisch kontrahicrt, wird trai- 
niert. Zusammen mit Hettinger'-! konnten wir zcigcn (Abb. 2), da.ss die Kraftzunahme 


r. 



Abb. 4. lI.\'.-\Virkung und .Muskoltrainicrbarlw It 

durch don glcirhon Trainingsroiz grosser ist, woim dor Trainierendo eininal wra hont 
lich erythemwirksam bostralilt wird. Sokolova® nimmt an, dass die fiir don Mnskel- 
stoffwechsel wesentliche Adenosin triphosphatase durch Vitamin C gosclii'itzt wirtl. 

U.V.-Bcstrahlung des Monsclion bceinflusst abor au<-h den Kohlenliydratstoff- 
wechsel (Abb. 3). So liegt der ATP-Spiegel des Blutes wilhrend eint-r Serii* von U.V.- 
Bestrahlungen nicdriger als vorher und nachho.®. 

Und schliesslieli sei erwahnt, dass die Ascorb.. 'satire in den Abbau der aromati- 
schen Aminostiurcn, insbcsondi're des Tyrosins o’ngreift. Diesem kommt abtT als 
wichtiger Ausgangssubstanz der Melaninbildung bci der dem U.V.-Erythem folgenden 
Pigmentierung bcsondcrc Bcdcutung zu. 

Die Vielzahl der Vcrkniipfungen von Vitamin C mit den vor. uns beobachteten 
Folgen der U.V^-Bestrahlung machten es daher wiinsehenswert, den Vitamin C- 
Spiegel des Scnims nach U. V.-Bcstrahlung bei gesunden Erwachscnen zu beobachten. 
Die ersten Befunde der in Zusammen arbeit mit Frau Dr. Starlinger durchgefuhrtcn 
Untcrsuchungcn seicn kurz mitgcteilt. Als Bestimmungsmethode des Vitamins C 
wurde die von Roe und Kuether^ angewandt. 

Wir untersuchten den Vitamin C-Spiegel im Serum in mchrercn verschiedonen 
Versuchsreihen. Bei der ersten Versuchsreihe wurden 2 Vcrsuchspcrsonen in 8 
aufeinander folgenden Wochen einmal wochcntlich bestrahlt. Die Bestrahlung er- 
folgte als Kurzzeitbcstrahlung, d.h. die Erytheme wurden mit wenigen Sekunden 
Bestrahlungszeit durch das Hanauer Kurzzdtbestriihlungsgerat erzielt. Die Blutent* 
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naliTTR'n aus der Fingerbeerc wurden bei den niichtornen W'rsuchspersonen 2 Stunden 
\or der Bestrahlung, 24 Stunden nach der Bestrahlung im Erytheinstadium und 3 


onorganisches 
Pn os phot 


2.J - Phaphor 
glycennsdure 


1.6 - Pructose- 
diphosphat 


Adenosin- 

iriphosphat 


Ahl). 3. Die KrHktioiu'u tics saurc'loslichrn IMios|)liat(‘s i ii lilutnacli r.V.-Bcstialiliini' 

rage nach d(*r Bestrahlung, wenn die Erytheme IhtimIs abg(‘kliingen waren und sich 
di(' Pigmi'iitierung deutlich hervorhob, vorgeiiommen. 

Es z('igt sicii, (lass der As('orbinsaurespi(*gel im »Serum nacli B(\strahlung im Ery- 
themstadium niedriger liegt als vorluT und signifikant nicedriger ^st als im Pigincuit- 
stadium (Tabelle 1 ). In der XachpiTiode wurden die Blutentnahmiai an den emt- 
sprechenden Tagen vorgenoinmcn. Der Ascorbinsaur(‘spi(‘g('l zeigte jedoch nidit den 
in d(T Bestrahlungspciriocic beobachtet(m (iang. 

In (dner zweiten Serii; wurde die U.V^,- 15 estrahhing tai^lich bei gc'sunden ^ Versuclis- 
personen gegeben, und zwar ahnlich dem Schema von Kollier bei d('n Fiissc'n begin- 
nimd aufsteigend. 

Ich zeige als Beispiol das Verhalten eincs 29-jahrigen Mannes (Tabelle II). Als 
Bestrahlungsciuelle diont(* d(T normale Hanaucr S 500 l^renner. Aik? Bestrahlungen 
zeitigten ein Erythom. Die Versuchsreihe dauerle nach (iiner Vk^rperiode von 3 Wochen 
im.ganzen 2 Monate. Es wurdc?n innerhalb von 14 Tagen ii B(‘strahhingen gegeben. 
Die nachste Abbildung (Abb. 4) zeigt einige Ergc^>nisse cies Versuches. Auf dcr Abs- 
zisse sind die Werte von je 2 Versuchstagen gemittelt. 

Betrachten wir zuerst den Test von Lehrnann-Michaclis, der uns Aufschluss iiber 
die l.;ei gleicher Kreislaufbelastung m()gliche Leistung gibt. Die in der Vorperiode 
recht gleichmassige Fahrzeit steigt nach den ersten Bestrahlungen deutlich an, lasst 
abor dann sehr bald wiedcr nach, unter dem Einfluss der stets erythemerzeugenden 
Bestrahlung um auch nach Absetzen der Bestrahlung in der knapp 14-tagigen Nach- 
periode nicht wiedcr anzusteigen. 

Utevaiitr S. 


vor- Bestrahlungi- Noch- 
pericdfi penode periods 
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TABEI.LE J 

RANGFOLGE DES ASCORBINSAUREGEHALTES IM SERUM BKI VISRCiLEICH VON JK 3 BESTIMMUNGK.' 
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TAHKl.LE FT 


Bwstrahtungssehema fiir Vp. Sch6. ( Uegwd ) 



UV-Qwltw: Hanauwr Quart lompo S 500 
Abstand Lampa • Vartuchapartan • / m 


Vergleichen wir nun damit das Verlialtcn der Ascorbinsauvc, so fallt sie unter der 
Bcstrahlung signifikant um etwa 30% ab. Die Versuchsperson war wahrend dos 
Versuches durch besonders roieblichen und gleichma«sigen Obstgenuss mehr als 
ausreichend mit Vitamin C versorgt. Als der Vit. C-Spiegel im Serum auf Werte unter 
0.9 mg% absank, begann die Versuchsperson iiber Herz- .und Magenbeschwerden 
zu klagcn, U.V. war iiberdosiert. 

Der Saucrstoffverbrauch lag wahrend der gesamten Bcstrahlungsperiode hoher als 
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11 der Vorperiode. Es steht diese Tatsachc nicht im (iegcnsatz zu unseren sonstigen 
sk'lunden, da wir die Senkung des Grundumsatzes erst nach dem Abklingcn des 
'kuten Erythenris fanden. Her t‘ben geschildertu Versuch wurde noch niit einer 24- 



Al)l). .4. Saiu*rstoffv(*rbrauch, K('Sp. yuoticnl, I*'ahr/c‘it iin A \ E-Tt*st uiid Ascorbinsaurespiegt*! 
iui Bbil uuIlt (lorn Kinfluss taglichoi* r.V.-Rostralihing(*n (\*p. Soho). 


jiibrigcn Vcrsuchsperson wicderliolt. Hicr trat das Erythem erst nach der 15. 
Hfstralilung auf. Zugleicli senktc sich der AscorbinSiiaie.spiegel sign'fikant um lo^o- 
Es (Tgibl sich deninach wie icii an 2 Beispieden zu zeigeii \'ersiiclite da.ss unter d('m 
Kinfluss einer crytlu-mwirksameii U.V.-Bestrahlung ein Absinken des Ascorbin- 
saur(‘spi(?gels im Scrum wahrend des akuten Erytlunus h'stzustellen ist, dem mcig- 
licherweise im Pigmenlstadium cine Erholiung folgt. 

Aus den Vcrsuchen lasst sich entnelimcn, dass ahnlich wie bei den von Doiizou und 
LtClerc^ in vitro gomacliten Befimdcn aucli in vivo durch U.V.-Bcstrahlung ein er- 
lidhter Verbrauch von Ascorbinsaiire festzustcllen ist. Vitamin C vcrhalt sich wie ein 
“Substrat'*, indem os verbraucht wird. 

Die Entscheidung, ob wir cs mit einer unspczifischen Reaktion auf den “Stress” der 
Resfrahlung odor einer spezifischeu U.V.-Reaktion zu tun haben, bl* ibt weiteren 
Untersuchungen vorbehaltcn. Doch neigen wir zu ucr Erklarung, dass dcr durch die 
Bcstrahhmg gesetzte Stress Ursache des erhdhten Ascorbinsaurcverbrauchs ist. 
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DIE WIRKUNG KURZDAUERNDER INTENSIVER 
U.V.-BESTRAHLUNG 


G. LEllMANiN 

Max-Planck-Institut fiir Arheitsphysiologie, Dortmund (Deutschland) 


Ein erheblichcs Hindernis fiir die Durchfiihrung von Ultraviolettbestrahlungen an 
grbsseren Menschengruppcn bildet (Ut Zcitaufwand, d(>r bei Verw(‘ndung der go- 
brauchlichen Hochdruck-Quccksilberlampen erlbrderlich ist, zumal die Bestrahlungs- 
dauer von einer Bestrahlung bis zur anderen um elwa 25-30";, gesteigcrt wcrdi*n muss. 
Aus diesem Grunde veranlassten wir die Qnarzlampengesellschaft in llanau, uns fine 
Lain])e herzustellen, die iiber ein Zeitrelais kurzzeitig wesentlich libber belastet wer- 
den kann. Mit Hilfe eines solchen “Blitzes” stieg die Intensitilt dor Strahlung, die 
beim Dauerstrom ctvva einem Brenner S 500 gleichkam, auf ungefiihr das 13-faohe an. 
Es niusste untersucht wordon, ob die biologische Wirkung auch bei verkiirzter 
Bestrahlungszeit und entsprechend erhfihter Strahlenintensitilt vorhandcn ist. 

Hierbei zeigte sich, dass die bekannte Kctte der Bestrahlungsfolgen aug|a bei der 
intensiven Blitzbcstrahlung von wenigen Sekiinden Dauer vorhanden war. Es konnte 
ein Erythcm hervorgerufen vvcrden, auf, dessen Abheilung Pigmentbildung folgte. 
Es waren auch die typisdien Veranderungen des Stoffwce.hsels vorhanden, die zur 
Steigerung der Leistung.sfahigkeit fiihren. 

Im einzelnen aber zeigten sich nicht unerhcbliche Unterschiede. Das Erythem trat 
schon nach i bis 2 Stunden, also schnellcr auf und war ausgesprochen kleinfleckig. 
Es zeigt in etwa das Bild, dfis man bei Bestrabbing mit der Wellenlfinge von 254 m^ 
zu sehen gewbhnt ist. Hiermit stimmt uberein, dass das Spektrum der Lampe eine 
geringe Verschiebung der Energieverteilung in Kichtung auf die kurzeren Wellen- 
lingen zu zeigen scheint. Ein weiterer Unterschied lag darin, dass nach Venschwinden 
dcs Erythems cine ganz besonders intensive und langanhaltende Pigmentiening 
auftritt. 

Abb. I zeigt rechts eine Punktreihe im Erythemstadium, die mit Blitzen von 8.7; 

4-3i 3-1 i 2.3; i.b; i.i Sekunden Dauer gewonnen ist. Die linke Punktreihe ist mit 
einem S 500-Brenner und jeweils der 20-fachen Bestrahlungsdauer erzeugt. Im Ery- 
themstadium ist kein wesentlicher Unterschied zwischen den beiden Reihen erkcnn- 
bar. 

40 Tage spater aber ist, wie Abb. 2 zeigt, von der mit dem normalcn Brenner er- 
zeugten Punktreihe so gut wie nichts mehr zu sehen, wiihrend die rechte Punktreihe 
nunmehr mit schon ausgebildeten Pigmentflachen noch voUkommen deutlich vor- 
handen ist. Die Ursache dieser verstarkten Pigmentierung vermogen wir noch nicht 
zu erklaren. 
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In einer friiheren Untersuchung hattc Seidl gezoigt, dass bei oligochromatischer 
ijfstrahlung je nach den vcrwcndcten VVellenlangen aucl> Unterschiede in dem Modus 
lerStoifwcchselwirkungerkcnnbarsind.Immittlercn Feld des niiclisten Bildes (Abb. 
ist bei ein und derselben Vcrsuchsperson die Beeinflussung der Leistungsfiihigkeit 



hi). I. J csirciiu'ii ziu »*v.i 

unischwcilt'. 24 Stfl. ain-h lifstrahlung. 
iilvs; Fhinauer yuarzlainpi* S 500; rechts: 
I' V niitzgorat. Vp.: P.S. 



Abl). 2. Piginentierung (li!r Tcststellcn. 40 
'fagr nach Hcstrahhing. links: ilanaucr 
Qiiar/lainp(* S ym; rechts: rV-Mlitzgcriit. 
‘ Vp.:l>.S. 



Inrcb die Quarzlampe S 500 der Beeinflussung dutch eine Serie von “Blitzen” 
aiegenubergestellt. Die Vcrsuche wurden im Abstand von 9 Monaten durchgefuhrt. 
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Bei Behandlung mit der Quarzlampe ahncit d(?r stete Anstieg der Leistungsfahigk< ;! 
dem Verhalten einer Vfrsuchspersonengruppe, die oligochromatisch mit A — 297 ni.” 
bestrahlt wordcn war, Der steilc Anstieg der Fahrzeit nach “Blitzbehandlung 
kommt dem durch Bestrahlung mit A — 254 m/< erzielten Effekt naher. Wenn auol, 
unser Material niclit ausreicht, um das Typische dieser Verlaufsformen zu sichern, so 
spricht dieser Befimd doch fiir die auf Gnmd der Erythembeobachtung gewonnene 
Vorstellung, dass eine Verschiebung dcr Wcllenlangen nach der kurzen Seite cine 
Rolle spielt. 

Ein. weiterer Unterschied der Strahlenwirkimg des U.V.-“Blitz”-Gerfttes gegen- 
iiber den normalen Hochdrucklampcn besteht ferner darin, dass eine viel gcringere 
prozentuale Vcrlangerung dcr Bestrahlungszeiten erforderlich wird. Bei wochentlich 
einmaliger Bestrahlung braucht in der Regel nach der 3. oder 4. Bestrahlung iiur eine 
Vcrlangerung um 10% der Bestrahlungszeit durchgefuhrt zu werden, um die gleiche 
Erythemwirkung zu erziclen. Es sicht also so aus, als ob die Verclickting der Horn- 
haut, die Bildung der dauerhaften Lichtschwiele, bei der Anwendung der Blitzlampe 
in geringerem Masse eintritt. 

Ich fasse zusammen; Die kurzzeitige intensive Bestrahlung (mit einem neuen 
U.V.-“Blitz”-gerat) verursacht einen Erythemcharakter, wie er b(n kurzwelligem 
U.V. beobachtet wird. Ebcnso verhalt sich die Sloffwechselwirkung. Die Pigineiit- 
bildung ist nicht fliichtig wie bei kurzwelliger Bestrahlung, sondern aluudt in Starke 
und Dauer derjenigen des langwelligen U.V.. Die Verdickung der Ilornhautschicht 
geht langsamer vor sich. Wir miissen uns mit der Mitte.ihmg dieser B(‘fnmle begniigen, 
ohne heute schon eine Erklarung wagcn zu ktinnen. 
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I'HE RADIATION AREA OF THE ERItCT HUMAN BODY WITH 

RESPECT TO THE SUN 

C. R. UNDERWOOD and K. J. VVARf* 

nivisioH of Human Physiology, National Institute for Medical Research, Medical Research Council, 

London (Great Britain) 


(^n(‘ of tlu' factors affecting man's performance outdoiirs is tht' energy he receives from 
{hr sun in the form of radiation. It is of interest to tlie physiologist to study the in- 
Ihience of radiant energy on tlic body, but in order to do so he must have some id<'a 
of the magnitudes of the energies involv(*d. 

Kadiiiiit cmergy reaches a man exposed outdoors by sevt^ral routes, directly from 
llu' sun, by reflectio*! IiSjin the surrounding terrain, by scattciring from thr. sky. and 
by rc»-radiation from hot surroundings. 

riie amount of energy incident upon the body directly from the sun may be esti- 
mated, if the normal solar intcuisity is ineasunid, and the area of the body projei'tod 
normally to the solar rays is known, th(‘ product yielding the required quantity. 
(‘lt‘aiiy, the solar altitude, the body posture, and its oiientation with respect to tin? 
sun, influence the result. 


METHODS 

In order to find values for the normal j)rojected areas (Direct Radiation Area, D.R.A.) 
a photographic, method has been di'vised. An automatic camera ami flash unit are 
menmted on a platform which may be moved in a i]uadranl of 4.67 m ra.iius. 1 he subject 
stands on a turntalile below the c<mtre of the quadrant. An operator makes exposures 
at known angles of altitude lietween o^ and 90', the turntable is then rotated and the 
exposures nipeated. Tin* process continues until the subject is moved through an azi- 
muth angle of i8o‘". In this rnannera.seriesof photographs are obtained which correspond 
to view-points situated on the surface of a hemisphere surrounding the subject. 

The relev'^ant projected areas are found from images of the negative, either by means 
of a planimeter, or with the aid of a photoelectric analyser. Since the radius of the 
quadrant is not large compared with the heights of the subjects, it is necessary to 
correct the results to correspond to an infinitely distant view-point. 

RESULTS 

Measurements so far have; been confined to fifty subjects, both male and female, 
^’lad in the minimum of tightly fitting clothing and in the erect posture. The shapes of 
the projected areas, seen from the camera positions, are shown in Fig. i fortw'o angles 
of azimuth. The forward facing direction has been arbitrarily selected as o deg. in the 
azimuth plane. 


References p. 556 
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The surface areas of the subjects varied between 2.16 and 1.56 m® for males, ; i^l 
1.73 and 1.59 m® for female«.‘The surface areas were detennincd by the well kin.vvn 
method of Dubois*. The D.R.A. changes only slightly with surface area and then is 
little difference between the sexes. 



Fig. I. Photographic silhouettes of erect male figures taken from points on a hemisphere siir 

rounding the subject 



ANGLE OF ALTITUDE(d«9) 


Fig. 2. Curves relating the area of nude erect male and female siibj(;cts projected normal to the 

suns rays with solar altitude for three angles of azimuth i.e., o, 45 and 90 df'grees. male; 

female. 
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Fig. 2 mean values of D.R.A. for all the subjects, expre.ssed as percentages of 
,ly siirface area, are plotted against altitude for three azimuth angles. The curves 
.ow the rapid decrease in D.R.A. with increasing altitude, when this is large 
1 he, full line curve of Fig. 3 represents the mean D.R.A’s taken without reference 
the angle of azimuth for an average male subject. The graph may be considered as 
„ ving bec-n denved from the curves of Fig. 2 by finding mean values for the ordinates 
II ti*rms of true area. 



3- I direct radiation area of an iTeci body cimiparcd with that of a vrrtica^ cylinder. - 

call ulated values; -- — observed values. Values calcuhtli.d from the cqn A(> -- 0.0.429 sin 

0 I 0.38^45 cos 0 , w'liich is the equation to the area of a riKht circular cylinc'"’ of height 1.649 m 
and radius 0.1 17 rn in a direction normal to the sun rays. K.M.S. deviation bet\-.'een calculated and 

observed values ~ J 0.0158 ni®. 


It ma3^ be shown that the equation: 

Ap ~ A COS0 }- T 3 sinO (i) 

n‘presi‘nts the area (.4 p) of a right circular cylinder projected towards an infinitely 
flistant point at angular altitude 0 , the axis of the cylinder being vertical. In e<iuation (i) 

A — 2 rh, B •= n 


where h and r, are the height and radius respectively. The broken line curve of Fig. 3 
which lies close to the full line curve has equation: 


whence, 


Ap — 0.3845 cos 0 -h 0.0429 sm d 


A = 0.3845, B == 0.0429. 
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Hence the cjdinder most closely corresponding to the observated data has a radius oi 
11.7 cm and a height of 1.649 

The representation of the D.R.A. of the erect body by that of a cylinder is onb. 
justified if the exposure to the sun occupies equal periods of time with respect to ul! 
angles within any quadrant of the azimuth plane. This is the conse(|uencc of takinj, 
mean values for the ordinates. Present indications are that a fair representation of tht 
D.R.A., having regard to azimuth angles, would be possible in terms of a right ellip 
tical cylinder, but further analysis is reejuired. 

CONCLUSIONS 

The necessarily brief description of the results which has been given above, serves to 
illustrate that the method is capable of providing some guidance concerning the 
direct component of the solar heat load on man; it should be emphasised, however, 
that the results are of a somewhat tentative nature and that much remains to be 
learned. The much wider problem of the absorption of radiant heat by the body 
outdoors, taking into account the many other factors, is being studied. 
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Light effects on active uptake of sulphate by isolated leaf pieces 


Uiirstnim^ pointed out that on the basis of tlie classical conci‘pt of salt respiration 
iM'c for instance Lundegtlrdh-) one should expect ion acc umulation in gn'cn tissues to 
hr inhibited by light, since the oxygen gradient ought to be more or less reversed 
fluring photosynthesis. Ncvc^'rtlu'less the available evidence pointed almost without 
i Nception in the op])osit(' direction, and ex[)eriinents were undertaken to cducidate 
this discrepancy. 

.\lmost all earlier investigators used a(|uatic speries, so the present author began 
with V idlisncria j^if^anica but then turncHl succc^ssivcdy to tlu‘ moss Thuidium iamarh- 
I Ilium, the succulent (.'rassulu and finally to wlu'at [Kroica variety) and to 

tiu' mutant barley “J 3 onus Xi-4()’*, whic h segregatc's into grecMi and albina plants. 
l^ic*c<'s of tlu' green tissues were' pre])ared and suspended in complide nutrient solutions 
rontaining 0.05 mA/ sulphate for VidHancria and Thuidium, 0.3 niA/ for the others. 
Alter I 4 days in ligh 4 .Oic' exjuTimiuits were perfornuHl using the same type of solu- 
lions with an addition of ''carricu' free"' radiosulphatc^ addc‘d as a tracer. The* experi- 
nuuital c'onditions wcu e light (c),ooo Lux) or darkness; 23' and aiTation were used both 
(luring pndreatiTumts and experiments. The nature of the* process under investigation 
ris an accumulation again.st a concentration gradient was c'slablishiid, and errors due to 
passive uptake within the* free space, changing pcr’incrilulitii's, or the incorporation of 
sulj)hate S into organic fractions wei*(' excludtxl by control experiments. During 
these it appeared that the Jast-rnentkmed process is de|)endcrit upon a sjH'cial, light- 
sensiti\e uptake inccliani.sm. different from the one lending to accumulation of 
inorganic sulphate, at least as n*gards the rate-limiting steps. 

The e\pc*rimenls show that for all the specie's tested lv('N aiu^ ?.4-dinitrophenol 
(l)NP) inhibit sulphates accumulation more in darknc'ss than on ilhrmiiation, I allis- 
ama/DNP being the only definite exception. On the other hand selenate, which 
competes specifically with .sulphate, has the .saint* action in light a. in darkni'ss. 1 lu'se 
hu ts are interpreted as meaning that the clc'li\'ery of c'nc'igy tor sulphate' accumulation 
is due to different proces.ses in light and in charknt'ss. 

It was further observcxl that in the prc'sent material light sometimes incivases and 
sejmetimes dccrea.sc^s the accumulation. 1 his must logically be explained as due to at 
least partial inhibition of the dark uptake mechanism upon illumination; theproc^ess 
depcuident upon illumination can of course not function in darkness. In C. russula it was 
]>ossible to correlate the action of light with the in tensities rec(uvcd before the prepa- 
ration of the material for an experiment, indicati*. r that after a period of bright 
illumination the experimental light tends to increase the sulphate accumulation. 

I his is reversed under darker conditions. The light-effects mentioned must operate 
the chloroplast pigments, since they do not occur in wheat roots or albino barley 
loaves. 

The above results in the first instance remove the discrepancy between theory and 
experiment which was noted by Burstrom'. Salt respiration may in fact be inhibited 
on illumination of green tissues although the results are more or less concealed by the 
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initiation of a light-dependent mechanism of salt absorption operating throng's 
cytochrome /, which is known to be oxidized in illuminated chloroplasts*. On th-.- 
other hand, it is also possible to interpret the results in terms of an ion uptake mecha 
nism dependent upon high energy phosphates. This was suggested e.g. by Robertson 
Wilkins and Weeks^. In darkne.ss such a mechanism must depend upon respiration. 
Wien photosynthetic phosphorylation® comes into play it might well, however, draw 
upon a common pool of phosphate acceptors to such an extent that respiration is 
inhibited and the energy delivery in sulphate accumulation switched over to photo- 
svnthctically produced adenosine-triphosphate and similar substances; such a chain 
of events would evidently explain the present results. 

The properties of the sulphate ion should allow it to receive energy by both the 
mechanisms suggested above, since salt re.spiration ought to work on all anions and 
“active sulphate" is in many cases known to correspond with adeno.sine-3'-phosphate 
5'-phosphosulphate*. As a matter of fact, further experiments with different in- 
hibitors have given data which fit well with a phosphorylative mechanism, but some 
effects not easily interpreted in such terms have also been observed and both systems 
may possibly be at wwk at the same time. 

The findings presented here are extensively published elsewhere'^ ■**. 

Institute of Plant Physiology, Lund (Sweden) Andeks Ivyi.in 

‘ It. BurstrSm, Forischr. liotan., lo (1957) i2i. 

* H. T.undegAkdh, Symp. Soc. Fxptl. HioL, 8 ((<>54) -*62. 

» 11 . LundegArdh. Physiol. Plantarum, 7 (1954) 375. 

< R. N. Robertson. M. J. Wilkins and I). ('..Weeks, .'histralian J. licseiurh, .SV;. H. 
4 (» 95 ') 248- 

» 1 ). J. \KSOii, Nature, 184(1039) 10. 

• F. Lipman, 128 (1958) 575. 

’ .A. Kyun, Botav. Notiser, 1 13 (lofto) 49. * 

• A. Kvhn, Physiol. Plantarum, 13 (1960) 14S. 

* Kylin, Physiol. Plantarum, 13 (i9(>o) 3W>. 


Light sensitivity of the mouid Thamnidium elegant* 

Thamnidium elegans is a saprophytic mould which is mo.st commonly found on dung, 
cold-stored meat and in the soil. Morphologically it is interesting because its asexual 
.spores an* either produced in large terminal sporangia or in smaller sporangioles borne 
at the ultimate ends of a system of dichotomous branches. The sporangia develop in 
the same way as those of Phycomyces ; but it is only the stage between the first appear- 
ance of the sporangiophore and the production of a fruiting body that is to be con- 
sidered here. 

Hawker^ has reported that the sporangia of T. elegans are produced only in the light, 
and in an attempt to study this effect, together with suspected disturbances in growth 
rate following illumination, a special time-lajise camera was built. This camera photo- 
graphs every minute the mould growing at 22.5° inside a moveable incubator. The 


* The work described in this paper was financed by an Agricultural Rc!search Council Postgraduate 
Studentship, and this help is gratefully acknowledged. 
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cgans 

-loiographic exposure was made with a red light with no transmission below ( 00 
ii// to which the fungus shows no obv’ious response. I l\e experimental illumination was 
l^ro^’ided by ^ focussed beam from a tungsten lamp. 1 he humidity was kept constant 
nl about KK 9^^% by growing the fungus in a transj)arent box containing a saturated 
:^olution of K K2l^04 and the box itself placed in the incubator. 

It was confirmed that light induces the prodiK'tion of sporangia. It was found, 
ii(.)Wev(*r, that it is only the developing sporangiophore that is light-sensitive in this 
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1‘iK- I. Mt*an growth rati' curve's for stage 1 s|'M»rangio])hon* riongation in Thumtmiiitm. 1'hi* 
vertical lines represent twice the standard (*rror. 

respect and that it loses its sensitivity after about 30 min of upward growth. In 
unilluminated cultures sporangioles alone are pn)duc' d. 

It was also observed that the quantity of light shone on the dcN'cioping sporangio- 
phore inflmmces the length of time that the s[)orangiophon» elongatt's bi*fore a fruiting 
body is produc'ed. An effect of this nature has been reported bv Banbury- for Phy- 
comyccsi. In Thamnidiuin the relationship between the quantity of illumination and 
the time it takes for the sponmgiophorc' to fruit seems complicated and is more fully 
discussed in a paper in preparation for the Trans, Brit. Mycol. Sac. 

bight also causes a temporary slowing of ihv. sporangiophore growth rate. Mg. la 
shows the mean growth rate curve for several sporangiophores growing in th(* dark 
and Fig. ib the mc'an growth rate curve for sporangiophores which appeared later and 
were illuminated. 1 he lower nu'an growth rate for the illuminated s])or:ingiophores is 
probably due to staling in the cultures. T he time i* -Tt it takes the minimum growth 
rate to develop is, like the lag phase for the growth rate response in Phycomyces^, 
dependant on temperature. Lowering the intensity of the illumination by up to So%, 
docs not greatly alter the time for the minimum growth rate to develop. Unfortunate- 
ly, however, this techniciue is not accurate enough to precisely determine the time 
when the growth rate minimum occurs at low light intensities. 

It was early noticed that Thamnidinm is po.sitively phototropic. When the fungus 
growing out horizontally from an agar block in a petrie dish is illuminated from one 
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side, no marked phototropic response is obscrv'ed until the growth rate has reached 
minimum (Fig. 2a). If on the other hand lateral illumination is discontinued when tin 
growth rate has reached a minimum there is no phototropism (Fig. 2b). This suggests 
that although the phototropic respon.se is in some way associated with the light 



Fig. 2. Phototropic responses of stage f sp<3rangiophores of ThamnidUtm. 'I'he sporangiop’"»'e 

are drawn at lo-niin intervals. 

induced slowing in growth rate, the two processes are separate. In an effort to show 
that the two responses are different, light from one direction was shone on the -^po- 
rangiophore until the growth rate appeared to be at a minimum; then after 10 mil. in 
darkness, light from another direction was shone on the sporangiophon*. Tlurc* 
was a rapid curvature towards the second light (Fig. 2c). 

It may be speculated from these experiments that the j)hototropic response is 
divided into two light-sensitive stages: (i) an un-orientated rt'action which causes the 
cell to become sensitive to laterally lasymmetric illumination aiul which is associated 
with a slowing of the growth rate, and (2) tlu; phototropic response projjcr where 
laterally asymmetric illumination causes differences in the rate at which the cell wall 
is built with a resulting bend towards the light source. This second stage is assoc.iateil 
with an increase in growth rate to about the original dark level. 

Botany School, Cambridge (Great Britain) J. N. Lythgoe 

* I... li. Hawker, The Physiology of Reproduction in Fungi, Cambridge University Press, 1957, P- 44 

* G. H. Ha.sburv, Handbtich der Pflamenphysiologie, Vol. 17, part i, 1959, p. 530. 

9 E. S. Castle and A. J . M. Honeyman, y. Gen. Physiol., r8 (.'9J3) 33.'; 
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Chloroplastenbewegung in polarisiertem LIcht 

i'.s ist bckaiint, dass sicli der plcittpnfcirinigo ( hloroplusl x'on Afou^coiiu nach dcm 
l.iclit orit?ntiprcn kaiin» wobri cr scliwacheni Licht dio Hiiclu* ziikohrt, starkcjin da- 
^i‘gen die Kante. 

Xiir die Orientierung in schwacheni Licht, also die Dreliung in I^'lachenstellung, soli 
nns hicT bescliaftigen. Diese Schwachlichtbewegung ist ein ausgesprochener Induk- 
tionsvorgang, d.h. eine kiirze Belichtung geniigt, urn in daraiiffolgender Diinkelluat 
(lie Bewogung ablaufen zu lassen. Die Induktion win! bevorziigt ausgel(')st durch rotes 
l.irht; der Induktionsvorgang iinterliegt deni bekannten llellrot-Dunkelrot-Antago- 
iiisniiisJ. Das heisst. eine Induktion kommt diireh Hellrot (HR; 700 m/0 zustande, 
anschlicssend an HR gebotene Bestrahlung mit Dunkelrot (DR; >700 x\yi) Idsclit 
(lagegen die Induktion wieder aus. 

Intcrossant wurden die Vorlialtnisse nun, als wir mit linear polarisiertem Lieht zai 
i tifluzieren versuehkit Mi;d einen klaren Kinfluss der Seliwingungsrielituiig fi'ststellen 
konntc'n. Wir gehen stets aus von 2l'/ow;'<Y;//V/-I\“iden, in denen die ("hloropIast(Mi in 
1‘rofilstellung steluMi, bestralilen voin lYofil her imd stc'lleu nach angeni(\sseiuT 
Dunkel/vOit test, in wievi(‘l Z(‘llen die Chloroplasten sich gedri‘lit halx*n. iMihren wir 
d(*rarlige \'ersueht‘ mit poIarisiiTtt'in Licht durch, so sehen wir eine Reaktion iiber- 
wieg(‘nd in den TeikMi des Fadens, die geiade senkrecnt zur Schwingungsebenti des 
l-ichtes liegen. Lichtw'irkungen, bei denen die Richtung der vSchwingungsebene eine 
Rolle s])ielt, sind in den letzten Jaliren verscliiedcmtlich gefunden vvorden, aber stets 
liandelte es sicli um reine Blauliclitwirkungen, wu) etwa beim Phototropismus von 
Filzeii Oder bei d(‘r Polaritiitsinduktion der 7 **aca.s-Zygote-^ In unserem Falle da- 
gcgen handelt es sich um polarisiertes Rolluhi, geaiaier HR, da.- im Rahmen (les 
n R-DR-Reaktionssy.stems wirkt, Beim I’holotropismus von Phyt ynycrs diskutiert 
man die Mdglichkcit, dass Fresnersche Reflexions-V'erlustc fiir die l-nterschiedt^ 
\'erant\vortlich sind. Fiir unser Objekt reicht diese Fhklarung nicht aus, da der IJntcr- 
schied viel zu gross ist. Die Reaktionsgrosse in Prozent der rcagierenden Zellen nimmt 
mit der Induktionsdauer zu, wenn die Schwingungsebene des hellroten Lichts quer 
zum 1 ^'aden orientiert ist. Schwingt das Liclit dagegen parallel zum Laden, so fiihrt 
s('lbst hundertfachc Induktionsdauer noch nicht zu nennen.swerter Reaktion. 

. Wir miissen aus unseren Versuchen schliessen, dass die Photorezeptonm in der 
Zelle strong quer zum Fadeii orientiert sind. Dadurch entsteht ein Dichroismus, 
Absorption findet nur in der Schwingungsebene senkrecht zur Langsachse statt. In 
weiteren Versuchen belichten wir einen Mottgeohi: Laden mit HR sowohl von der 
Kante als auch von der Flache her hintereinander und beobachten, in welchcm Masse 
dadurch die Induktion beeintrachtigt wird. Hierzu mtissen wir einzclne Algenfaden in 
Glaskapillaren einsaugen und diese so montieren, dass wir die Kapillare und damit den 
Algenfaden beliebig uin go° drehen kdniicn. So lassen sich die Zellen mit exakt bekann- 
ten Intensitaten von verschiedonen Seiten bestralilen. Wir verwenden HR (Schwin- 
gungsebenc quer zum Faden orientiert), und bestralilen von der Kante odor von der 
Flache her. Bestrahlung allein von der Kante induziert Bewegung, wie zu erwarten. 
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Bestrahlung allein von der Flache hat keincn Effekt, wie zu crwarten. Bei Bestrahlunj:; 
aus verschiedenen Bichtungen bestimmt allein die. letztc Richtung dariiber, ob Reak- 
tion cinlritt oder nicht. Offenbar kunnen wir also die Induktion Idschen, wenn wii 
anschliessend an die Kantenbestralilung noch die Flache bestrahlen. Das soil nun 
quantitativ erfasst werden. Die induzierende IJR-Bestrahlung von der Kantc her 
halten wir konstant — i min, die darauffolgende HR-Bestrahlung von der Idarhe 
mit gleicher Intensitat variieren wir in der Dauer. Dabci linden wir, dass bereits 1/2 
minutige Nachbcstrahlung von der Flache die i-min Induktion weitgehend auslbscht. 

Wir konnen aber die Induktion noch auf andere Weise unwirksam inachen, eben- 
falls durch eine HR-Bestrahlung, die gewissermassen „falsch” gegeben wird. Wir 
induzieren zunachst wie ublich mit HR von der Kante her (Schwingungsebene quer 
orientiert), und bestrahlen anschliessend aus der gleichc'n Richtung, aber nun mit 
langsorientierter Schwingungsebene. t'berraschenderweise ist eine solche Nach- 
bestrahlung nicht indifferent, sondern setzt die Wirkung der vorausgegangeneu 
Induktion crheblich herab. Wir ftihren auch diesen Versuch quantitativ durch, iadem 
wir die Dauer der Nachbcstrahlung systematisch variieren und erhalten ganz alin'i du' 
Resultate wie im vorigen V'ersuch. Wir konnen alsoemeHR-Induktionwiederlcisciu'n, 
wenn wir mit dem gleichen HR nachbestrahlcn, entweder aus der falschen Richtuuf, 
namlich von der Flache, oder mit falsch orientierter Schwingungsebene, niimlicii 
parallel zum Faden. Die antagonistische Wirkung einer Flachenbestrahlung ist 
starker als die einer liingsschwingenden Kantenbestralilung. 

HR dr 




Fig. I. Mouf*cotia~Zv\\ii mit C'hloniplast in Kantcm- (a) OvU*r l‘'Ulchi.*nstcllung («). Bestrahlung 
senkrccht zur PapiiTDbenc;. I)opp<'lpfi;ii: Scli\vingiingsrichtu-ig. HK ilollrot, DR -- Dunkelrol. 
-f — Induktion ; - Induktionsloschung (wenn auf Induktion folgcnd). 


Wir wollen uns nun noch die Frage vorlegcn, ob und in welclier Weise die antagonis- 
tische DR-Wirkung, also die Ldschung der HR-Tnduktion durch DR, von der Sehwin- 
gungsrichtung abhangig ist. Wir induzieren mil HR (Schwingungsebene quer zum 
Faden orientiert) und bestralilen mit DR nach, dessen Schwingungsebene entweder 
quer oder liings orientiert ist. V'erwenden wir dabei steigende Dosen DR, so erhalten 
wir Kurven zunehmender Induktionsloschung. Querschwingendes DR ist zwar etwas 
starker wirksam als langsschwingendes, aber die l^nterschiede sind doch recht gering, 
verglichen mit den Verhilltnissen bei der Induktion durch HR. Wir konnen nun auch 
hier von der Moglichkeit Gebrauch machen, einzelne Faden vori verschiedenen Seiten 
her zu bestrahlen. Wir induzieren mit HK von der Kante und bestrahlen anschliessend 
mit DR, entweder ebenfalls von der Kante, oder von der Flache (alle Bcstrahlungen 
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i.iiT quer zum leaden orientierter Schwingiingsebene). Mit steigenden Dosen DR 
iialten wir wieder Wirkungskurvcn, aus dcncn wir ontnchiTicn kdnnoii, dass In- 
.iuktioiisldscliung sowohl von der Kanto als auch von der Flacht^ her nidglich ist und 
...iss die M/irksamkeit in beiden ballen in dor gleichen (inissonordnung liogt. 

Wtahrond also die Fhotoreze]>torcn in der HR-absorbiorondon Form streng oricn- 
lu’rt zu sein scheinen, gibt es lur don DR-absorbierenden Zustand koinen Hinwois auf 
.'iiio struktiirelle Ordnung. In dor lIR-absorbierondon Form dos l^hotorezeptors ist 
ilinuberhinaus die Schwingungsrichtung nicht nur quantitaliv. sondorn auoh quali- 
tativ von Bedoutung fur die Roaktion. 

Flino zusammen fassende ('bersicht iiber alle l?('siiltati*. gibt das Schema der F'ig. i. 
V'ergleiche auch die aiisfiihrliche Darstellung der FZrgebnissc*'’. 

Boianhehes Inslitut, VVolf(;ang Haupt 

IJniversitiit Tubingen (Deutschland) 

I \V. llAOPT, Plania, 53 (1Q59) 
a E. S C'astle, y. Physiol., 17 (igj j) 7.5J- 
3 P'. Jai-fk, Pxptl.Ccll Rrsearrh, 15 

> VV. SHRorsiiiRii, Srievee, 130 (1050) 33^. 

\V. HaI'PT, Plania, 5^ i<>3- 


Orientation of cell growth by polarized radiation 

F'our years ago it was report <'d that Fiiciis zygotc's germinate parallel to the vibration 
plane* after exposure to plane polarized visible light'. Further study led to the con- 
‘ lusion that this 'polarotropie* response is a xariant of th(‘ general phenomenon of 
phototropism and is mediated by a periclin«il orientation of dichroic photoreceptor 
molecules; i,c. the axes of maximum molecular absorption lie paralie; to the nearby 
surface of the zygote-. Similar polarotropic' responses were also discovered in the 
spon\s of a mo.ss, a fern, and the imperfect fungus, BotrytiS'^. 

In this paper, we report proof that the polarotropic responsi‘ of liotryhs spores is 
also a variant of phototropism mediated by an orientation of dichroic. photoi eceptoi 
molecules with respect to the nearby surface. However, in this case it is shown that 
the axes of maximum absorption of th(‘se molecules, unlike those in Tiicus, are 
anticlinal; ix. they fire perpendicular to the nearby surface. We .also rejiort a some- 
wFiat less rigorous analysis of the polarotropic responses of the .spores of the fern, 
Osmunduy indicating periclinal photoreceptors similar to those in Fucus. Again, we 
report a preliminary study of the polarotropic responses of the spores of the moss, 
F unaria. This indicates a situation which is anomalous not only in a high responsive- 
ness to red light, but also in the presence of at least two different tropic photoreceptor 
molecules, one of which is i^woriented while the other is anticlinal. Finally, we report a 
qualitatively new aspect of thci tropic responses of Botrytis?t}poTcs to light, the phenom- 
enon of centering. 

(I) A preliminary study showed strong tropic responses of Botryiis spores to blue 
* in the biological Jiteraturc, tiie plane of vibration is the plane of the K-vcctor. 
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light. However, the spores germinate at random when exposed to polarized radiation 
in tlie red, various portions of the infrared, and the V.H.F. radio frequency region, 
even when this radiation is applied in intensities up to lo® to lo® times those effective 
in the blue. 

(2) Proof that the photoreceptors in Botrytis s^iores are highly dichroic and sharply 
anticlinal is as follows; Spores were exposed to various doses of polarized blue light ; in 
companion experiments spores were exposed to the same light doses applied as 100% 
gradients* of unpolarized light acro.ss each cell; in both series the direction and degree 
of orientation were determined. The spores tend to germinate parallel to the plane of 
vibration in the first scries and from the bright end of the applied gradient in the 
second. In both series, the degree of orientation ri.ses in an S-shaped way with dose, 
going from 10% to 60% to 90% a.*! the dose rises from 10® to 10® to j • 10® crg.s/min®. 
Indeed, in the latter dose range (from 10® to 3 • 10® ergs/mm®) no significant difference 
at all is found in the degree of response to the two types of illumination ; thus polarized 
light corresponds in its effect to an approximately lOO'X) gradient. Now it is easily 
shown that an inference of highly dichroic and anticlinal photoreceptors will e.'Cj'lain 
these observations while an inference of weakly dichroic and/or periclinal receptor 
molecules will not. 

Positive confirmation that the receptors are anticlinal is furnished by the response* 
of the spores to unilateral unf)olarized illumination. Anticlinal receptors in a spheie 
under such illumination will absorb most light neither at o" nor at iSo"" (with respect 
to the direction of the light source taken as o“), but rather at about qo*^. In conformity 
to this, germination under unilateral illumination is found to occur most freciuently at 
about 115“. 

Moreover, all other alternatives can be ruled out. Differential scattering wouJ«l effect 
germination perpimdicular rather than parallel to the vibration plane. Differential 
reflection at the cell-medium interface is estimated to produce gradients of less than 
0.5% within the cells. Now, orientation as a function of the size of the gradient at a 
dose of 2 • 10® ergs/mm® was directly measured over the whole range from 0 to loo'/o 
gradients. From this result it can be interpolated that a 0.5% gradient effects about 
1% orientation at a dose of 2 • lO"* ergs/mm®; yet this dose of polarized light is found 
to cause an orientation of 90%. Hence the effect .’f differential reflection is negligibh*. 
Measurements of the polarotropic response of spo’ cs illuminated via air or oil rather 
than water confirm this inference. For in the foimer media, reflection at the cell 
surface is greatly increased; yet polarotropic orientation decreases in them. Finally, 
polarizing screen pigments concentrated enough to produce gradients of the order of 
100% would be grossly obvioas. Since the cells apjxjar hyaline, such screening must be 
negligible. We know of no other alternative e.xplauation of polarotropism in Botrytis 
which seems worthy of serious consideration. 

(3) Tropic centering in Botrytis is our reference to the following observation ; spores 
were unilaterally illuminated with unpolariztHi light. At all stimulating doses except the 
highest used, thus from 10® to 10® ergs/mm®, the resultant distribution of outgrowth 

* Such gradients were achieved as follows: a pattern of very thin, sharply hounded, and opaque 
stripes of chromium was formed upon a quartz slide. Cells were fixed directly upon this striped 
substratum and covered with a clear nutrient medium. Th(;y germinated normally and in ran- 
dom directions in the dark. When illuminated from belo v only, any cell which chanced to lie 
upon the boundary of a chromium stripe was so sharply shadowed as to be subjected to a loo^i 
gradient. 
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lircctions has two peaks at about However, at 10® ergs/nim® the response 

• hanges dramaticallji . The distribution continues to show two peaks at J tt5° but 
I third, large and distinctly separate maximum appears at 180'’. We suggest Ihk this 
lU'W peak does not arise from any change in the plioloreceptors but rather from a 
-preading out, an overlapping and an addition of the growth stimuli from th<‘ foci at 
' 1 15°- fhe rear pole of each cell, i.e. 180°, would thus bo the direction in which this 
addition produces a new maximum. 

Older observations in mosses and in the h'ucaceat* of a shift in the direction of 
pu forred germination from the ‘subequatoriar region between ()o and 1.^5° to the 
roar pole probably represent less obvious examples of such centering. 

Hnmdeis University, Lionel Jaffe* 

Wedtham, Mass. (U.S.A.) Helmut Kizolu* 

Suzanne McKinley 

! L. Jaffk, .SV^V»a^ J23 (1056) 1081. 

•’ I.. Jaffk. Cell Research, 15 (1Q58) 282. 

1 C. liONNiNd AND H. Ktzoi-D, Her. dent, b-dan. Ces., yi (i<)58) 3o.|. 


Effect of ionising radiation on oxidation processes in plants 

TIu' effect of ionising irradiation on plant organisms is iu ])ro(liu'C biochemical changes 
as a result of damage to general metabolic processes. The investigation of these 
changes is of essential interest since primary biochemical changes can be detected 
before cell structural damage is ('vident. Many disruptions of biochemical reactions 
are characterized by intiaisive oxidation. Bioclu'inical changes connected with the 
formation of toxic sub.stances in the irradiated organism, c.g. lipL! )>ero-\ides, are of 
great iiiten'stb 

It was shown (‘arlier that the activity of tlie enzyme .system oxidizing unsaturated 
fatty acids (lij)oxidase) in various irradiated plant leaves (wheat, barley, bean, soya 
and peas) increases 30 to 5o"o hi the course of the 24 h following irradiation- 
Investigation of chemical changes after irradiation in free and bound lipids of bean 
leaves has shown that in tlie free lipid fraction of irradiated leaves the* peroxides are 
present in much greater (juantity than in non-irradiated ones^'^\ 1 he purpose of this 
in vestigation is to study changes in free lipid composition after plant tissue irradiation. 

Bean ^Latvia') and barley CViner”) seedlings 10-14 days old which had been 
grown in a hot-house, were exposed to irradiation. Before irradiation, plant seedlings 
Were dug out with every possible precaution and p- ced into beakers filled with tap 
water. The soil was previousl}^ washed off the plant roots. 1 he irradiation was carried 
out with the help of an IRU-I apparatus (Industrial X-ray Unit-I), the irradiation 
intensity being 595 r/min and the focus distance being 22 cm. Ihe diameter of the 
crown of the leaves did not exceed 9-11 cm. Ihe material was lyophilized 2, 4, b or 
24 h after the irradiation. The isolation of free and bound lipids from irradiated plant 

* Prosent address: I^niversity of Pennsylvania, Philadelphia, Pa. (U.S. A.). This investigation was 
supported by P.H.S. Grant RG-6215, N.S.F. Grant G-7093, and O.N.R. Contract 3121(00). 
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leaves was carried out by means of extraction with petroleum ether at room tempera- 
ture (after Zirm, Pongraz and Polesovsky’)- The determination of peroxide in free 
and bound lipids was carried out by the method of Olavind and Hartmann* and for the 
paper chromatographic separation of free lipids and unsaturated fatty acids, the 
methods of Spitery® and Alimova*® were followed. Pure unsaturated fatty acids wore 
obtained by fractionating the fatty acids obtained by plant oil and animal fat 
saponification according to the method of Svern and Parker**, the unsaturated fatty 
acids being separated by paper chromotography. Further separation of these acids 
was accomplished by means of the low-temperature fractional crystallization method* *. 

After the leaves had been irradiated by looo to 10,000 r, sharp changes in the lipid 
content were observed (Table I). As can be seen from these experiments (2 or j parallel 
determinations were done), the free lipid fraction in irradiated seedling h-'aves con- 
tained amounts of peroxides 2 to () times as groat as those of non-irradiated ones. 
The average weight of dry material in each experiment did not exceed 0.1 to g. 
The measurement of peroxides in the bound lipid fraction showed that a quite negli- 
gible amount of peroxide is formed on irradiation, /.d. o.ib 0.42 mcquiv./kgdry weight 


TABLE 1 

;FFKCT of lONlZINC, Il<K.Mll.\TION ON' PKROXIDK CONTUNT IN FRKR UFI 
FRACTION OF SRF.DI.rNO I.HAVKS 


Titne after 

Irradiated or non- 

Peroxide eonieiU 


exposure (h) 

irradiated Laves 

meqmv. 'kg of dry weight 

% 

Bean 

i/h 

Non-ir radiated 

J.450 

100 


1000 r 

5 Q 7 ^> 

•^ 43-7 


10000 r 

10.640 

43 «-*i 

'/l 

Non-irradiated 

*730 

100.0 


1000 r 

• 2.270 

i 45 -J 


10000 r 

3030 

226.7 

-I 

i\on-irradialed 

1-537 

100.0 


1000 r 

2.649 

172.2 


10000 r 

2.846 

182.7 

'2 

Non-irradiated 

3 - 7^>3 

lOO.O 


1000 r 

5.66 

149.3 

4 

Non-irradiated 

» 730 

100.0 


1000 r 

2.250 

i 45 -« 


10000 r 

4.720 

261.2 

^4 

N(jn-irradiated 

0.4 1 1 

100.0 


1000 r 

2.300 

5590 

-24 

Non-irra<liated 

8.425 

100.0 


10000 r 

13.220 


Pea 

1/4 

Non-irradiated 

2.960 

10(1.0 


10000 r 

7.200 

-s-U-o 

Barley 

2 

Non-irradiated 

4.300 

100.0 


TOOOO T 

5 . 40 « 

120.9 

2 

Non-irradiated 

0.700 

100.0 


10000 r 

0.900 

125.0 

6 

Non-irradiated 

16.600 

100.0 


10000 r 

83.800 

5050 

^4 

Non-irradiated 

0.700 

100.0 


10000 r 

2.^0 

375 -« 




— 



EFFECT OF IONISING RADIATION ON OXIDATION PROCESSES 3bg 

^^ 5 % control). Nevertheless, the peroxides in the bound lipid fraction after 

irradiation undergo changes similar to those of the peroxides in the free lipid fraction. 
! able I also indicates that the absolute amount of peroxide is not always constant in 
the same plant. The highest peroxide content w^as observed in lo-day seedling leaves 
of the spring-summer period. The amount of peroxide in the leaves was considerably 
lower in both control and irradiated plants in the autumn-winter season. In this 
period less intensive metabolism and a slower growing rate were also observed. 

The separation of the free lipid fraction from bean leaves by paper chromotography 
before and after irradiation showed that irradiation of these leaves with 20000 r had 
produced considerable changes in the unsaturated fatty acid content of this fraction. 
(Fig. i). After 4 h the effect of the ionizing irradiation on almost all unsaturated fatty 
acids disappeared from the free lipid fraction extreict of irradiated plants. 

To solve the problem of the nature of peroxide formation in irradiated leaves a 

TABI.E II 

EFFKCT OF IONIZING IRKADTATION ON PEROXIDE CONTENT OF FRF'-* LIPID 
FRACTION OF STEAMED SKEDLIN(; LEAVES 


rime after 

Irradiated, nnn-irradiated or 

Peroxide tonteni 

xposure'Xh) 

^teamed bean leaves 

mequtv.lk^ dry weight 

% 

i/u 

Noil-irradiated 

-i 45 »> 

100.0 


1000 r 

5970 

■ 243-7 


Steamed j 1000 r 

1 . 1 40 


^4 

Non-irradiatt‘(l 

0 ..t 85 

100.0 

Steamed 

4. 160 

7^-9 


Steamed 4 10000 r 

1 .820 

28.2 


Non -irradiated 

5 - 4^3 

100.0 


Steamed 

4.841 

« 9.3 


Steamed 10000 r 

4-803 

79 4 

^4 

N on-irradiated 

10O.4 

100.0 

j 0000 r 

ihi .0 

150.0 


Steamed 1 loooo r 


5 ^; 1 



Fig. I. The pattern of unsaturated fatty acids in the free lipid fraction of bean loaves on paper 
ehromatograms. I. Control; II. Irradiated with 20000 r (after 4 h); 111. Irradiated with 20000 r 
(after 24 h) ; IV. Mixture of pure linoleic and oleic acids. 
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number of experiments were carried out in which the seedling lipoxidase was inacti- 
vated by steam heating for 7 to 16 min. The activity of steamed leaf lipoxidase was 
measured manometrically in the Warburg apparatus and it was found to have been 
fully inactivated. The irradiation experiments on steamed bean leaves were then 
performed, the non-irradiated fresh seedling leaves being the controls. Steamed 
leaves, irradiated leaves and leaves first steamed and then irradiated with 10000 r 
were taken for the experiment. 

Table II shows that the irradiation of leaves in which the lipoxida.se was inactivated 
by steam did not result in peroxide content increase, while irradiation of non-steamed 
control leaves brings about a sharp increase in lipid peroxide content. The data indicate 
that with the increase of lipoxidase activity’^" the quantity of lipid peroxide increases 
after quite small doses of radiation (1000 r). As compared with non-irradiated leaves, 
the peroxide content of the free lipid fraction of irradiated plants increases approxi- 
mately 2 to 6 times. The results of the .separation of the free lipid fraction by paper 
chromotography also indicate considerable changes in its constitution after irradiation. 

Thus, the biological effect of ionizing radiation on plant seedlings can be seen in 
lipoxidase activation, intensification of oxidation in lipid fraction and accumulati-m 
of lipid peroxides which may plaj'^ an important role in X-ray damage to tht; living 
plant organism. 

Laboratory of Radiation Biochemistry, K. V. Budnitskaya 

Academy of Sciences U.S.S.R., Moscow (U.S.S.R.) 

‘ P. Dubouloz and J. 1 )u.m.\s, Compt. rend sor. biol., 148 (1054) 705. 

* E. V. Budnitskaya, I. G. Bokisova and .V. G. 1 ’assinskiy, DAN, lio (i) (19,5^) i.io.'- 

* E. V. Budnitskaya and 1 . G. Borisova, IV Intern. Congr. Hiochem., 18 (1958) 8. 

E. V. Budnitsk.vya and I. G. Borisova. .Sbornik liadiobiologiu, Izd. .\N SSSK, 1957. 

* E. V. Budnitskaya, I. G. Borisova and .A. G? P.assinskiy, Hiorhimiu. 23 (6) (1958)- 

* E. V. Budnitskaya and 1. G Borisova, DAS. izh (i) (1959). 
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The effect of light intensity on growth and development of Gladiolus 

Introduction and technique 

As well as studies under controlled conditions, we carry out in our laboratory field 
experiments with variation of a single environmental factor. In photoperiodic field 
experiments, variation is restricted to daylength by .simultaneously covering long- 
aiid short "day plots, and supplying weak artificial illumination to the long-day plot'^. 
In other experiments, natural daylight intensity is varied by permanent screening, 
riiis has been done with barley-''^ sugar beet-*'^, and (Gladiolus. 'Fhe pn'sent ])aper 
discusses effects of artificial weakening of light on growth, efficii'ucy of solar energy 
conversion, and formative behaviour in Gladiolus*, recorded in i(j5(j by periodic 
harvests as used in^ 

Four light intensities, vk., about 12. J7, 75 and 100% of natural aaylight were ap- 
plied, the first three produced by metal gauze top screens with side screims of similar 
type; top and side w('re lifted as requin^d during growth. ICach unit covered 

2 2 m, admitting 100 plants. A double row in all units was outside the screen (or 

fi(dd in case of 100% light). 

h-ach corm was weighed before the experiment, those bc^tween if) and 27 g b(dng u.sed 
for planting. All conns were indiv iduallv numben^d, and the* four fields t»ach plant(‘d 
with 100 conns of very similar weight distribution. Diy w('ight was recorded from 
samples of seven size classes; it varied between ^ (> and <) g/corm,dry weight percent- 
age from 36 to 33, with the lower values in th(‘ heavier conns. Corrns were planted 
April 23, 1959, emergence was about ri to May, first harvest taken June 22. Five 
l)lants from each unit were taken at each harvest, and their parts wndghed separately. 
Dry weight was determined for all parts of the avei.'ge plant; fn ih weight of all 
[•arts of eacli plant reduced to dr>' weiglit by dry weight percentages ( { the analysed 
plant, and averaged. 


D/y u'eighi 

Fig. 1 shows the succe.ssive development of various i)lant organs during the si^ason 
in relation to light inten.sity. Root weight is low in all cases. The old corm has much 
the same dry weight ( 2 g) during the entire season at all light intensities, with only 
a slight decrea.se at late dates. ( )bviou.sly , a considerable depletion, from 7 g to 
^ 2 g took place before June 22. At the low'est light intensity 12% of natural 
daylight) there is no appreciable gain in dry weight b’" June 22, at higher intensities 
there is. The plant consists chiefly of old corm and leaves. The subsequent increase 
13) is mainly in leaves, while stem dry weight begins to develop, especially at 
high light intensities. This continues (Aug. 3), total dry weight still increases, and, at 
high light intensities, stem dry weight becomes the main component, while leaf dry 
weight decreases somewhat. 

* A cultivar of Gladiolus (hybr.) gandavensis v. lloutte. the “ordinary large garden gladiolus" 
(ref. 5 , p. 366). 
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Tlie slight decrease in total dry weight from 75 to 100% light, observable at 13.7, 
may be attributed cither to the rather small number of 5 plants per harvest or, more 
likely, to the fact that the 100% had temporarily suffered from drought more than the 
others. 

Total dry weight reaches its maximum at all light inten.sitics at about 0 (sec 
also k'ig. 2) ; after 3.8, leaf dry weight remains much the same while stem dry weight 
strongly decreases (plants did not produce seeds) in favour of the new corm, the dry 
weight curve of which cnxsses that of the leaves in muc.li the .same way as stem dry- 
weight did earlier. The new corm eventually becomes the main dry weight component 
at all light intensities. It should be stressed that the curves represent absolute 
weight, not percentage of total. The. dry weights of the major components at their 
peak development (l*'ig. 3) show mutually similar dependencies on light intensity, 
with apparently steepest slope in the stem. 


q/pI. 




Fig. 2. development of total dry weight at sue- Fig. 3. dry weights of leaves c^i 3.7), stem A 
cos.sive harvests, and "idealized" final values. (3.8),andnewcorin L)(i iOattheirpcakdevcl- 

<)}>! . nt in Relation to light intensity. 


Efficiency of solar energy conversion 

Only total dry weight has so far been used for efficiency determinations, 5 plants 
covering 5/100 x 4 m^, i.e. 2000 cm*"*. C^alories solar ladiation per cm® p. day were 
obtained from records of the Physics Department of this University. Chemical energy 
of entire plant was assumed to be 4 kcal/g. At 12 and 37% daylight, increase in dry 
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weight was about linear between 22.6 and 25.8; at 75 and too% daylight a steeper 
initial part was indicated (Fig. 2). Maximal dry weights, reached about 9.9, idealized 
from values recorded 9.9 to 2.11 are about 41. 37, 28, and 17 g p. plant for 100, 75, 
37 and 12% light respectively (Fig. 2). Efficiencies, biised on photos5mthetically active 
radiation (assumed 50% of total) arc shown in Table 1 . In the period of most active 
growth (22.6 to 25.8) they decrease from ~ 0.05 to < 0.02 with increasing light inten- 
sity (and increased yield). The early period (11.5 to 22.6) is inefficient, like that after 
25.8, decreasing efficiency values if included (0.023 to 0.010 for period t-i. 5 to 2.11 
over the range of light intensities, sec Table I and h'ig. 2). 


TABLE I 

KFFICIKNCY OF SOLAR F.NERGY CONVERSION IN GladioluS (l 9 . 50 ) 

Photosynthctically active radiation t>nly, pi*r unit soil area 


LAf^ht intensity i 


Date 1 1.5 
22.h 
* 3-7 1 
3 .H 

jo.005 



-o.o.|9 

0.043 

0.02S 

<).() 




2.1 1 





0.023 


37"'o 


22.0 I 
..V 7 1 

23. s / 

i).l) 
2.1 I 


jo. 009 

> 


■0.027 

0.02(1 

^0.0 :o 


0.0 1 6 


Light intensity 75% 
Date 1 1.5 



027 


0.0 1 9 


^0.014 


2.1 1 


KM)'!,, 

I>ate 11.51 , . 

}o.oo6f) 

22.0 ) 

,3.7 jo.o>. 

.?•« 

25.8 

9-9 




0.0 1 7 

,0 012 


•0 015/ 


Some morphogenetic features 

Along with energetic, effects as discu.s.scd, differences in light intensity induce 
morphogenetic changes. Fig. 4 shows representative plants in .successive stages. Fig. 5 
shows successive leaves, and stem at 10.8. At early stager, the stem is still small, the 
apparent “stem” consists wholly of the sheaths of the visible leaves, tightly surround- 
ing each other, and inserted on the old corm. At lower light intensities, both sheath and 
lamina of the leaves are more elongated than at higher light intensities. The boundary 
between sheath and lamina is oblique, and difficult to define sharply for measuring 
purposes. The following refers to total leaves. 

The length ; width relation (E/B) is about the same for leaves 4 and 5, and somewhat 
lower for leaf 3. Average L/B-value of leaves 3, 4 and 5 (leaf i is the first leaf with de- 
finite lamina), e.stablished at each harvest, decreases with light intensity from ~ 35 
at the lowe.st to 18 at the highest light intensity (Fig. (>). 
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Stem length is much less influenced by light intensity than is stem dry weight 
il''ig- 7)- instance, at j.8. stem dry weight at too, 75. j;, and 12% light was 100, 
.)0, jb, and 15%! stem length was too, 103, tio, and 9()% respectively. Flowering is 
much reduced at low light intensities. 

Fig. 8 shows I : L/B or B/L, and the final “idealized” dry weight in relation to 
light intensity. In the light intensity range studied the curves are very similar. 



Q.9.S9 t.n.B9 


4. Gladiolus. IMiitits of fiold i*xprrimont with artificial shading- Choice ot sMCCcssivc* harvests. 
I'our light intensities each, decreasing from loft to right. (Idght intensities I, 11, 111, IV: loo, 

^75. ^^37. ^^1^% daylight). 


10.6.S9 



5- Analysis of plant at each light intensity, decreasing from left to right, harvested 10.8.59. 
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suggesting a close relationship between the formative effect of light intensity on lea: 
shape and the energy level of the plant, as in lettuce under certain conditions®. Thi*- 
morphogenetic effect of high light intensities (see also ref."^'®) is interesting beside* 
those of low amounts of photosynthetically active and inactive radiation®“i2. 



Fig. 6. Average L/B relation of 3rcl to 5th leaf in relation to light intensity. Average*, of ri'cords 

from 25.8 to 2.11. 



Fig. 7. Stem dry weight (left) and stem length (right) in relation to light intensity at succcs.sive 
dates (Light intensities: I, II, III, IV: 100, ^75, ^37. daylight). 
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[ faf area (I-A, green part of stem included. Fig. <)) is less dependent on light inten- 
■\- than leaf shape and dry weight (Fig. 8); the curves strongly resemble those of 
jii length (Fig. 7) in that 37 to 100% light are clo.se together while only 12% is 
■inewhat lower. 





nr nr Hi 


0 (100%) 

Daylight 

I'lg. S. Rflativc effects of light int<;nsity 
on final dry weight (“idealizetl”) in and 
on leaf shape (B/L y loo in "o calculated 
from iMg. 5). A final dry weight, O 
leaf, average figures 25. S to3o.«> mcliided. 
V 31(1 to 5th leaf, average figures 25.8 to 
2. 1 1 included. 


LA 



h'iK- 7)- 


A major formative effect in a plant is the distribution of matter over its various 
organs. At 3.8, the stage of major stem development, leaf percentage in dry weight m 
37. 75 . 100% 5 ^’* 29.5. 35 - 5 . stem percentage 22.7, 35 - 4 . 57 *J. 57 - 2 - 

At 2.11, the final date, leaf percentage in dry weight in 12, 37, 73. loo'^o hght was 
3b, 30, 31.5, 28.5, new corm percentage was 49, 41.5. 45 - 5 . 45 -^ respectively, le 
relative stem development thus seems much more light intensity dependent than the 
relative new corm development, a “useful” adaptation for persistenc.t undir un avor 
able light conditions. 


Leaf area ratio {LAR) and Net assimilation rate (A/ 1 /' ' 

LAR-values (cm^/g) vary from ^ 70 to ~ 20 (Fig. 10) with highest values at the 
lowest light intensity and early in the .season. Unlike dry weight, L seems sa u 
rated” around 75% Ught, at this intensity LAR was remarkably constant - 30 

during the season. > a r- 

NAR (g/cm 2 /day) is high at the beginning of the season (up to ^ lo ’ , hig. iiA), 

and declines in two major steps (around 13.7 and 9.9) to ultimate low va ues. - 
over the entire season is fairly linear with light intensity (hig. iiB). 
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Leaf area index (LAI, cm® leaf area/cm® covered surface) is not well defined in .. 
plant of the Gladiolus type. Taking surface area as area available for each plant (40( 
cm®) it is directly related to the LA-values in Fig. (), and varies from ~ 0.7 to ~ 2.7 


NAR (no**) 



Fig. 10. Leaf area ratio (LAR, cm^/g) as Fig. n. A. Net assimilation rate (NAR, g/cin-'days^ 

dependent on season and light intensity as dependent on season and light intensity. H. .\ver- 

( 1 -lV, see legend Fig. 7). age values of N.AR over entire season as relalctl to 

light intensity. ( 1 --J V, see legend Fig. 7). 
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Growth of Lemna minor as influenced by light and kinetin 

in low doses, promotes the growth of L, minor and cannot be replaced in this 
1 unction by sugars, amino acids or yeast extracts ^^nly the effect of kinetin equals 
that of short exposures to red light-. The results of some experiments on the effects 
of alternating red and infrared light, of different doses of light and of kinetin, and on 
the ability of kinetin to induce growth in darkness will bt* reported here. 

7,. minor was cultivated in a sterile medium containing nutrient salts; i% sucrose 
and 50 mg/1 casein hydrolysate. The multiplication rate and the mean area of the full- 
grown frond were taken as criteria for growth. 

'I he effect on the multiplication rate of white fluorescent light of 7000 ergs/cm-^ 
sec for 20 min every 3 h is reduced from 0.073 to 0.032 by aj)plying near infrared for 
30 min after each illumination. In the presence of 3 • iO‘®Af kinetin, the effect of 
infrared is decreased, but is still important. This ])artial reversibility by infrared of the 
stimulation hy light means that even the growth-promoting effect of a light intensity 
as high as 7000 ergs/' f^V* is mainly a photomorphogenetic. effect, assuming that 
photosynthesis is not affected by infrared interruptions. 

riie stimulating effect of light on growth of L. minor also has j)hotomorphogenetic 
features in its dependency on light intensity. Although in continuous light the opti- 
mum intensity is 20,000 ergs/cm^ s(‘c for th(^ multiplication rate, and 300 ergs/cm^ sec 
for tilt! frond area, the efficiency of the light decreases sharply above 5 ergs/cm^ sec. 
Helow this intensity level the effect of light is much enhanced by kinetin (Figs, i 

multiplication rato 



0.01 


J- 


J. 




X 


X 


J 


0 12 3 ^ 5 ® 

trg/cm* »«c. red light 

Jug* i. Light dependency of rmdtipHcation rate in minor at different concentrations of 

kinetin. The medium containecl 1 % saccharose, Temp. 22 . 

log H\ — log Wo 


Multiiilication rate 


/i— to 


Wf) and fii ■= number of fronds at times to and fi. Unit of time -= j.| hours, o -- no kinetin, 
I- = 0.25 • 10 -« M kinetin, X — 0.5 • io*« M khu tiii, ! J — i • lo ® M kinetin. 
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and 2). Growth in darkness depends on the presence of kinetin in the medium, but 
also on the light intensity the plants previously received (Fig. 3). 

This observation, together with the synergism of kinetin and light as shown in 
Figs. I and 2, indicates that in L. minor kinetin cooperates with another substance 
which accumulates during illumination and enables growth in the presence of kinetin. 
Since in all experiments the plants had sufficient amounts of sugar, it is not likely 
that this substance is a primary product of photosynthesis. 


•rM mm^ 
full-grown frond 



ergy/cm^ stc. rod light 

Fig. 2. Light flcpciulfncy of frond area m 
Lenina minor at different concentrations of 
kinetin. The medium contained sacclia* 
rose. Temp. 22'\ o — no kinetin, - —0.^5 • 
10 * M kin«*tin, X -- o 5 • lo”® M kinetin. 
[1 — 1 • 10 ® it/ kinetin. 


multiplication rate 



h’ig 3. IMultiplieation rate of Lcmiia 
during 10 day.s of darknc'ss. Jtefore 
darknt*ss tiie plants reci»ived the light in- 
UMisity indicated on the abscissa for 0 days. 
'I'he medium (ontaintsl .sucrose and 
3 • 10-® M kinetin. 'I'emp. 22". Without 
kinetin, the multiplication rate liicl not 
exceed 0.02. 


When kinetin is present in the plants in sufficient «j nan titles (i.e. i • lO"* M kinetin. 
Fig. i), the growth of L. minor is controlled by the synthesis ot the unknown suhstance, 
the concentration of which, in an intensity of 0.3 erg/cin^sec, is already sufficient to 
increase the growth in the presence of kinetin to 70% ot that in dark. 

In a prolonged period of darkne.s.s there is nearly no growth in the absence of 
kinetin, even after an illumination period which gives growth if kinetin is present. 
This suggests that the extra growth without kinetin obs(^rvable in Figs, i and 2 at 
light intensities above 0.3 erg/cm® sec represents the synthesis of a kinetin-like 
substance under the influence of light. 
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A propos d’un cas d*ambiphotop6riodisme: Setaria vertlelllata Beauv. 

INTROinrCTION 

I'st dit(* ambiphotoperiodique unc espiVe susceptible de rrunier rapiderruMit sa mise 
.1 fleur en jour long aussi bien (lu'cn jour court, mais lentc^ment ou pas pour des condi- 
tions pliotoperiodiciiies (luotidienncs interniediain^s. 

K. I-ewis ct V. Went' out decouvert rambiphotoi)eriodisme <*n 1945 avec Madia 
clcgans I). Don., composei' annuelle americaiiu' boreo-occidentale. C'ette espece 
fleiirirail en jour long ou continu (d en jour court, mais non pas ('ii photop(^riode quo- 
tidienne intcTinMiain^ (12 h). 

l.e but de ce travail est d*etudier chez une plante anibiphotopt^riodi(|Uc l<;s pro- 
l)iemes d<‘ niorphogenese et plus particulierem(‘nt les rapports entre la croissance et !<» 
ilexeloppcment. 

mati':kiel et mt^ithode 

o- 

La souclie d(' Madia etc^ans (pie nous avons tcstei* ik' s’est pas comportee comme une 
auibiphotop(^riodi(]ue mais comrne une plant(* de jour long. Mais nous avons decouvcTt 
(Ians notre matcri(*l exp(*rim(?ntal une esp(‘ce prcsentant d(*s ('arart(!‘risti(iucs ainbi- 
jdiotoperiodiques : Setaria vcrticillata (voir resultats). 

Les plantes on et (5 placees dans des cases ('•clairees sc it par des lampc^s du type L 
(eclairage fluorescent “lumiere du jour de luxe*’ Philips a radiations reparties dans 
toute la partie xisible du spectre. I/(3clairement (5nerg(?tique au sol est de 3,900 
• 1,300 ergs/sec • cm- et a 20 cm du sol de 4,700 i 1 ,900 ergs/sec • cm-^) soit par d('s 
lampes du /v/>£J -1 ((Eclairage fluoresc'ent "actinic” riche en ultraviolet de la cat( 5 gorie 
A, a ina.xirnum vers 3,000-3,700 A, ct emtdtant dans h" visible ess'’:'tiellement entre 
4,000 ct 4,400 A. l-’(5claircment energeticiue au .sol est de 2,000 .1 Soo ergs/s(*c • cm^ et 
de 2,f)oo _1- 1,200 crg.s/.sec -cm*^), s(nt encore par des lampc's a incandescence du type 
f (riches en infrarouge a maximum >T?rs 10,000 11,000 A; dans L* partie visible du 
spectre I’c^nergie est sensiblement la meme (jue celle du /v/>r L). 

Des experiences ont aussi (•ti* failes en eclaireinent naturel (8 h, i(> h, 24 h — appoint 
nocturne de type L ou A). 

Tons les rc5sultats obtenus - biini que tres \’ariables intrinserpiement ont 
confirmc rambiphotoperiodisme Setaria vcrticillala ainsi que les rapports de dimen- 
sions et de fertilite indiques dans la presen tt* ccnninunication pour unt? s(?rie du type L. 

RESULTATS 

Photo periode et vitesse du devcloppemeni 

(r) Madia elegans 

Nous ne retrouvons pas chez notre souche (Mus(?um, Paris) dc Madia elegans 
l ambiphotoperiodisme deS auteurs ain(5ricains'^. Madia fleurit en ^clairement perma- 
nent et en jour long mais non pas en jour court etceci pour les lampes L et I. Nous 
donnons les resultats de I’expc^rience lors d’un ficlaircment du type L avec une tempeS- 
rature variant entre 18° et 25®. 
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II est probable que, dans notre experience, les conditions (temperature, humidite, 
qualite de la lumierc) de milieu ne cbncordent pas avec celles presentes dans le travail 
de Lewis et Went ou bien que les souches utilisees soient differentes. 


TABLEAU I TABl-EAU II 


Durie de Vklairement 

Nombre de jours du semis 

Durk de Vhlaircment 

Nombre de jours du semis 

quotidien (A) 

d la fhraison 

quotidien (A) 

dlapaniculaison 

24- 

45 

24 

35 

16 

65 

16 

70-<)2 

8 

rien apr^s 120 jrs 

8 

28 


(2) Sctaria verticillata 

Setaria verticiUata Beauv. (= Panictm verticiUatum L.) est une Graminee annuelle 
thermocosmopolite caracterisee comme etant une nyctiperiodique preferentc-!. Mais 
les deux souches (souche du Museum de Paris et souche locale poitevine) que 'ii'iLs 
avons experimontees sont apparuos comme presentant les caracteristiques de I'ambi- 
photoperiodisme et ceci sous n’importc laquelle des trois lumiercs utilisees. No. •• 
donnons les resultats de Texiierience lors d’un edaireinent du type L avec. unc* temfx.* 
rature variant entre 20” et 23°. 

Croissance et developpement 

1‘our des st^mis de meme density, dans un sol de m^me quality, .sous cclmrement ^ner- 
g^tique et temperature identiciues, les plantes cultivees en photoperiodc quotidienne 
de ib h sont toujours plus eievees et lours paniculcs .sont plus foumies que cbez les 
plantes cultivees en photo])eriode quotidienne de 8 h. En jour continu, les caract^ris- 
tiques des plantes sont le plus Wquemment proches de celles des plantes de jour court 
mais peuvent pr6,sentor une grande variabilit6. On observe des resultats similaires 
sous les trois types de lumiere a I’exception du fait quo dans les conditions du type L 
en 8 h les plantes pr< 5 sentent un rejet fertile plus important que le brin maltre. 
Ce dernier, de plus faibles dimensions, porte un panicule rudirnentaire .sterile ou i 
I ou 2 caryposes. 

Nous donnons les resultats de Tcxp^rience lors d’un « 5 clairement du type I. avec une 
temperature variant entre 20° et 25°. Chaque variante comporte entre 20 et 25 plantes. 
Le cliiffre entre parentheses correspond a la moyenne -- calculee sur la taillc la plus 
grande de chaque plante -- lorsqu’il y a plusieurs brins. Les chiffres avant et apres 
la parenthese correspondent aux extremes inferieurs et superieurs. 


TABLEAU 111 


Hauteur des plantes en cm 6 

Longueur des panicules cn cm 0.3 

Nombre de caryopses par panicule i 


Phoiopiriode guotidienne de 
8 h xo h 

(11.4) 15 70 {74..4) 80 

( 0 5) 0-7 5(6)7 

{ 3-5) 5 > 100) 


10 

0*3 


^4 h 

(17.6) 
( 0 - 9 ) 

( 8.3) 


35 

7 

100 


DISCUSSION 

(i) Setaria verticiUata, dans nos conditions exp^rimentales, apparalt comme dtant 
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ambiphotop^riodique relativement pen exigeante a nyctipiriodisme pr^f^renticl. 
L'anibiphotoperiodisme peut s*interpr6ter comme la manifestation d^un anta- 
‘iiisine entre deux processus: le processus primaire commun a toutes les plantes 
r exigence en lumit^re) et le processus adaptatif des plantes do jour court (entrainant la 
lu'eessite d'une nyctop 4 riode). 

Lorsc|u*une plante ambiphotoperiodique vit en jour court, ce sont les processus du 
i\ pe jour court qui rdgissent la mise a flour. Lorsqu'elle vit en jour continu, les pro- 
c(^^sus du type jour court sont inhib^s par et an profit de processus fondamentaux 
ivgis par la lumiero. Dans les conditions photoperiodiques intermt^diaires (i() h), les 
processus du type jour court sont partiellcment inhibes (et peut^etre aussi, I'exigence 
(Ml luinicre des processus primaircs est-ellc particlleraont satisfaite). Mais les deux 
types de processus sont contradictoirement superposes et non compl6mentaires, 
sinon le developpernent ne serait pas freine. 

L'ambiphotoperiodisme suggere une interpri^tation des plantes de jour court comme* 
cas jiarticulier adaptatif des plantes de jour long. Le processus fondamental de mise a 
[leur serait un processus de jour long, masque chez les plantes de j^ur court par un 
juocessus adaptatif nyctiperiodique devenu necessaire dans les conditions de vie 
normales ou para-normales de la plante. ('ette interpriHation pourrait etre v^*rifi(5e par 
Tobtention dans des XonViuions experimentalcs donnees de manifestations a carac- 
teristicpies de type ambiphotop( 5 riodique chez les plantes de jour court^. 

(1) La these^ de la modification des rapports entre hi croissance et le developpernent 
durant le photoperiodostade comme facteur essentiel de la modification de la genese 
de la structure de Tin florescence, (itablie chez les plantes de jour longet chez les plantes 
de jour court, se trouv’e v'^rifit^c* chez une phinh? ambiphotopciriodique: Sdaria 
vctticillaia. 

Pour d(\s conditions de croissance sensiblement identiques (la durde de ractivitd 
l)hotosynthetique est (^videmment plus grande en 24 h (ju*en 8 h, ce qui - outre le 
leger retard du developpernent en 24 h sur 8 li — peut expliquer It plus grandes 
dimensions de Tapparcil vegetatif en 24 h par rapport a cellos en 8 h), la vitessc d'ac- 
complissement du photoperiodostade determine T importance de la structure de 
r inflorescence: en jour court et en jour continu, le developpernent est rapide, Tinflores- 
cence est rudimentaire ; en conditions photoperiodiques interm( 5 diaires, le ddveloppe- 
ment est lent, T inflorescence est fournie et normalement structuree. 

Institut de Biologic vegetate appliquee, • f H. Matron 

[Jniversite de Poitiers (France) Stroun 

Institut de Botanique, Universite de Geneve (Suisse) 

^ H. Lewis and F. VVe.nt, Am. J. Botan., 32 (1945) L 
I*. C’houard, Bull. soc. hotan. France , '07 (*95o) 234. 

® C. C. Mathon et M. Stroun, Cahiers Natural, 9 (1954) 591 ^ ^ • Mathon kt M. Stroun, 
Lumiere et floraison, le photoperiodisme. Presses Universiiaires de France, i960; C . C . Mathon, 
Bull. sue. botan. France, 106 (1959) 123; M. Stroun, Bull. soc. botan. France, 105(1958) i. 

M. Stroun et at., in B. Chr. Christensen and B. Buchmann (editors), Progress in Photobiology, 
Elsevier, Amsterdam, 1961, p. 384. 
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Long-day effect as a function of interrelations between light quality, 
duration of photoperiod, and development phases in 
Per Ilia nankinenals Voss 

INTRODUCTION 

Whereas the effect of light quality during flower induction has been widely studied, 
the problem of the effect on flowering of light quality in the pre- and postinduction 
phases has been less frequently investigated. 

In this paper we shall examine, in plants of Perilla nankinensis Voss, (SDP) the 
"long-day effect”* as a function of interrelations between light quality, the duration 
of the photoperiod and the development phases (pre-inductive, inductive and lost- 
inductive). 

MATERIAL AND METHOD 

Our study material consisted of plants of Perilla nankinensis Voss obtained from 
Messrs. Vilmorin. 

All experiments were carried out in dark boxes lit with lamps of different wa -e- 
Icngths. The light sources consisted of 4 lumine.scent tub(‘s of 40 Watts each, placed in 
reflectors (Electrical engineering workshops, Charleroi). Relative values for the 
spectrum distribution curves are given as dotted lines in Fig. 1. for Phytor tubes 



* Expression from Meijer^ et al. meaning: consequence of tyi)es of light (duration, quality, 
intensity) favourable to flower induction in LDP and unfavourable in SDP. 


LONG-DAY EFFECT IN PcHlla ncinkincnsts Voss 
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\\liite light), Camelia tubes (red light), Emeraude tubes (green light) and Azur tubes 
Dine light). Stress must be laid on the fact that all these lamps yield infrared light. 
In some cases filters were added (Rrdim and Haas) to obtain a narrower spectrum 
(iistribution curve, shown as a full line in Fig. i. The cmergy value of the light in each 
box varied between 3000 and 4000 microwatts/em- at tlu‘ level of plant The 

lempcTature in the boxes was maintained at Immeiliately after g.ainination 

I lie f)lants were subject(‘d to permanent lighting (pre-induetive phase). As soon as the 
3tli leaf was out, they were short-day induced (inductive phase) ; this treatment was 
.ipplied for a few days, aft(!r which they were again subj(‘cted to permanent lighting 
(post-inductive phase). During each phase, the plants in the difftTent stories were, 
iwposed to the various colourc'd lights. 

RESULTS 

The experiment presc^nted here is a confirmation of the results obtained in two similar 
jnevious experiments. We draw spec ial attention to those* experinu^nts b(*cause they 
w(*re all carried out at the same? time. 

In th(* experiment tliere were four plants in each group. Tlie figure's given in rable 
I are, for the four plants,^th(* average number of days b(*tw(*en the (*nd of the inductive 

TAIU.E I 

M CKC r OF I.KIIIT COLOCR J)CRINti PRh- AND POST-I .NDCC TI VK PIIASKS ON THK FI.OVVl'.RINCi KFFK< f 

OF Luair uuKiNo thk indi'ctivk pii\sk 


Colour of light used 
for Lontinuous illu- 

Colour of light used 
for daily lUutni- 

Number of days elapsing hetu'een tht end oj the indmtive phase {S h) 
and the appearaiue of shoots tr londitions of permanent lighting 

miiMtion far 50 days nation for S h over 10 davs 

white 

red 

green 


while 

while 

20 

20 

.>* 

^5 

ri‘d 

white 

20.5 

ib ,5 

2 1 

10..5 

grc'cii 

white 

* 1-5 

1 2 

» 1 

I 2 

blue 

white 

18.5 

*7 

2 O 

20.5 

wliite 

red 

22 

2 1 

ID 

* 0..5 

red 

red 

18 

» 7-5 


*7 

green 

red 



»3 

I 2 

blue 

red 

19 

17-5 

.3W..5 

17 

white 

green 


- 3 « 

> 3 « 

3 « 

red 

green 


• 3 » 

'3» 

3 « 

grec;n 

green 

* 3-5 


12.5 

i ^ 

blue 

green 


> 3 « 

38 

3 « 

white 

blue 

^ 5-5 

2() 



red 

blue 

^5 

22 

- 3 « 

20 

green 

blue 

blue 

blue 

1 2 

26 

1 2 

2b 

12 

.' 3 « 

13.5 

26 

— 







period* and the appearance of the first shoots. In the case of fractions of days other 
than 0.5, the nearest whole day was taken. 

The following observations may be made on T able 1 : 

(a) During the pre inductive phase (permanent lighting for 56 days) green light 
promotes the effect of the ensuing inductive photoperiod, independently of the colour 
of the light xluring the inductive or post-inductive phases: G/W/W, G/W/R, (»/W/(i, 
G/W/B, G/R/W, G/R/R, G/R/G, G/R/B, G/G/W, G/G/R, G/G/G, G/G/B*. In one of 

* The first letter represents the colour during the prc-indiictive phase, the second letter the colour 
during the inductive phase, and the third letter the colour during the post-inductive phase. 
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our other experiments, a plant flowered after subjection to permanent lighting with 
green light — tln^ temperature was 

Under our experimental conditions, red or blue light S(H‘mcd to be as detrimental to 
induction as white light. 

(b) Ihiring the indudim phase (8 h daily (or lo days) red light is as favourable to 
induction as white light. Under blut;-light conditions tlu* first shoots are only slightly 
delayed but there is a marked delay under conditions of green light : W/d/W, \V/G/R, 
W/G/G, W/G/B, R/G/W, RIGjG^. K/G/B, B/(i/\V. B/G/R, B/fi/G, B/<i/B. When 
filters w’ere used (full line in Fig. i) under bhu*- or green-light conditions, the jdants 
found it very difficult to produce shoots. 

(f) During the posl-indudive phase (permanent light) it is seen that tin* plants whii h 
were blue-light induced and were subsetiuently placed in permanent grei'u light, 
produce their shoots rather belatedly: W/B/(i, R/B/(i, B;B.'(r. 

DISCI >SS 10 N 

The “long-day effect" of a specific, light (piality is a function of the duration of the 
photoperiod. For example, for a “short day", gnien light has a more pronouiu >1 
“long day effect" than blue, red or white light. However, for permanent lighting 
during the pre-inductiv(' phase, white, red or bhn' light h;is a more definite “long-dav 
effect" than green light. 

The “long-day effect” of a specific light ([uality is a function of the development 
pliase. For example, green light usi!d for permanent illumination promotes the in • 
luction of Pcrilla in the. pre-inductive phase and delays it in the post-inductive phase 
(after blue light induction). 

In identical conditions of pre-inductive and inductive phases, the sprouting of 
shoots is a function of light quality during tin; post-inductive phase. This tends lo 
confirm the existence, within the stage of phdtoperiodisrn, of a sub-stage with specific 
.s|x;ctrum requirements, onc.e the flower induction has taken ])lacc. For instance, during 
the post-inductive phase (after blue light induction - minimal or specific conditions?) 
shoots are induced more quickly by w'hite, blue or red light than by green light. 

Further re.scarch is neces.sary to determine the existence of specific relationships 
between light (lualities during the various phases. 

* Institute oj Botany, I 'niversity of Geneva (Switzerland) * M. Stkdux 

** Institute oj Botany, University of Poitiers ( Branoe) ** *** C.-Cii. Matho.v 

*** Marcellin School of Agriculture * I<1. Sandmeiek 

* F. Chodat 
*** A. Gikoud 


* o. Mkijkr, Acta Hotan. SeevL, S (1^59) 189. 

2 Mathon and M. Stroun, Lumiire ct riomison. Presses L'niversilairos du Pniiico, 

3 M. Stroun, J. F. Schopfkr and F. Chodat, Bitli. soi. bntaii. h'ramc, jo(> (1959) 309. 

^ G. MiiijKR, J^hotomorpho^cnesh in IhUcrrnt Spectral liegions, I uiern. Symposium on Photoperiod- 
ism and Related Phenomena in Plants and Animals (Gatlinbur^, Tennessee, njsy). Laboratoria 
N.V. Philips’ Glofilainpcnfabriukcn Kindhovon, Joi, 1952. 
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Dual effect of red light on the photoperiodic response of 

Salvia occidentalis 


In r\piTinu‘nts with tlu* SJ) pliuit* Salvia occuicnialis and tho Id) plant* Ilyoscyamas 
wi‘ toiind lliat an intc rniption in the iniddh' of Iht* loni:^ dark period witli red 
ni^dilbreak lif^ht onlv caused a LI) eff(‘ct if the precedinf^ main li^lil period contained 
suffu ient blue or far-ri‘d radiation (Table I). hVoin tln^se n‘snlts it was conclnded* 
tliat two photoreactions are invob'ed in obtaining a long-day effect, viz . : 


rAHIJC 


nil- ivi'M ivsei- oi' I m-: lk.ht oi'm.ity of tiif n\ii v m\i\ Lic.nr pikioo (lo li of lif-lil per d.'iv) 

ON nil l•^'l•|■( I OF KM> NKailKKFXK IK. Ill (if) IK C; 


‘(fiuTativf.*, 




niiun li^ht (U . 

nivhthu'ah {mitt) 

Salvui tui uit'niali^ 
[SD plahh 

II \‘o\cvii>HUH nifur 

(LD pUtnl) 

Pltofnftrnodii' 
fjfii I 

10 Urd 




SI) 

10 K(‘d 

iv)' Red 



SI) 

10 (ilM'll 


; 


SI) 

lo (iri-ril 

10' Ri'il 

1 


SI) 

10 ('iiTon 1 I';ir-I<cd 




SI) 

10 (In'KK ' h'ar-Wi‘d 

10' Kt‘d 


\ 

LI) 

10 Him* 


. 

- 

SD 

10 l>lii(‘ 

Ml' R(‘d 


j. 

LI) 


(a) Idu* “niglitbreak reaction*’ regulated by the* reversible red, far-red pigment 
syst(an which is known to control so many phenomena in plant de\’eloj)rnent. ( low 
energy reaction-) 

{fi) rile “main-light-period n'action’’ which is (^specially sensitive to blue and far 
red. 1 liis main light period reaction s(*ems lo be identical with the “high energy 
reaction” studied by Mohr-. 

It has been demonstrated that the effevdiveness of nightbreak light d(.‘piaids on the 
inoment at which irradiation is started during the dark period. 1 he liiglust effec- 
tiv(‘n(*,ss is found at about the middle of the dark period. 1 he more the nightbreak is 
shifted towards the beginning or towards the end of the dark period, the more energy 
is reejuired^. 

In i.‘xperiments with Salvia occidentalis we found that an irradiation with red light 
given at the beginning of the long dark period is not only less effective, or even 
unable to cause a LI) effect, but even .shows an inhibiting effect on the LI) activity of 
a nightbreak given in the middle of the dark period. As can be seen from I able II, an 
irradiation with only 15 min of red light was .sufficient to prevent the LI) effect: 
NB-io'R ^ LI.) effect, 8BiR-io'K =- SD effect. 

* Sl> r-- short day, LD ~ long day. 
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TABLE 11 

THE INPLUEMCE OF IRRADIATION WITH RED LIGHT FOLLOWING THE MAIN LIGHT PERIOD, ON THE 

EFFECT OF A NIGHTBREAK TREATMENT 

The nightbreak with lo min of rod light was given S h after thi; tmd of tho main light period of 8 h 


of blue light, -h 

generative. 

^ vegetaiivci 

Light treatment 

Result 

Photoperiodic effect 

8B 


SI) 

813 - lo'R 

— 

LD 

813 2R 

-1 

SI) 

8B 2R - lo'R 

f 

SI) 

8B iR 

1* 

SI) 

8B iR - lo'R 

i' 

SI) 

813 JR 

4- 

SD 

8B |r - lo'R 

-f 

SD 

8B JR 


SI) 

8B JR - 10' R 

1 

SD 


It was then concluded that an I.l) effect was brought about only when the red. I.'.’' 
red pigment — responsible for the photoperiodic effect - remained in the rui- 
absorbing form during a certain number of hours of the daily cycle (between tlie main 
light period and the nightbreak). 

However, the story appeared to be more complicated as lo h of blue light followt •! 
by 4h of red light {10B4K) caused an LI) effect and this LI) effect was not obtained i. 
nightbreak light was also given (ioB4K : LI) effect, loB is'R : LD effect, 10B4K 
15'R : SD effect). '1 hus, nightbreak light whiclj caused an LI) effect after 10 h of blue 
light (ioB-15'K) nullified the LD activity of a supplementary irradiation of 4 h'bf red 
light (10B4R). This nullifying effect of nightbreak light could be eliminated either 
by increasing the length of the nightbreak period to (lo min or by subjection to a 
further far-red irradiation for lo min'*. 

It appears that the SI) plant Salvia occidentalis can behave like an LI) plant since 
under certain conditions a nightbreak can cause flowering. A comparable phenomenon 
has been reported by De Lint® for the 1,1) plant Hyoscyamus niger which was found 
to react like an SI) plant under certain condition . since flower induction could be 
inhibited by an interruption of the long dark period. 

Philips Research Laboratories, (L Meijer 

N. V. Philips’ Glocilampcnfabrieken, R. van der Veen* 

Eindhoven (The Netherlands) 

» G. Meijer, Acta Botan. Neerl., 8 (1959) 189. 

* ri. Mohr, Ergeb. Biol., it {i960) 67. 

* W. KdNiTZ, P/oft/a, 51 (1958) I. 

* G. Meijer, Acta Botan. Neerl., 9 {i960) 220. 

* P. J. A. DE Lint, Nature, 184 (1959) 731. 


• Present address; Botanical Labfjratory of the State University, Utrecht {The Netherlands). 
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Critical daylength of the short-day plant Salvia occidentals in red and 

far-red radiation 


S(f/7’ja ovcidcnialis is a short-day plant which, w^hen ^rown in wliite light, flowers only 
when the daylength is less tlian 14 h^ If grown in light of different colours it is found 
that green light tends to increase this critical daylength, red light has k'ss influence, 
and blue light makes the critical daylength a little (not more than i h) shorter. 

Konitz- examined another short-day plant, Chem) Imodium amaranticolor, which has 
a critical daylength in white light between 14 and 15 h. By interrupting the daily 
illumination period for 2^- h with far-red radiation the critical daylength could be 
rediKM'd to h. 

riie object of the lixperiment described here was to se(' whetluT the critical daylength 

Salvia occidenUdis could be considerably reduced by sufficient red (R) and far-red 
(RK) irradiation. 

rh(^ light intensitir < ed were, for the red light 4 - 1100 //W/cm® and for the far-red 
i .^<)0/i\V/cm‘^. A daily irradiation of T2 h with red light icsiilted, as would be ex- 
p(Tt(*d, in flowering (Table I). If, however, this 12 h irradiation was interrupted by 2 li 


TAHLK I ' 

nil-: INKI,CI-,\CK OK FAU-KKI) iKKArUATlON ON THIO PHOTOFKRIODIC EKKKCr OF A SHOR'l-OAV TREAT- 

MKNT »)K Salvia ocddeutalis 
I -- ({(‘lUTiitive, • - vcK«'tativi‘. Niimbor of plants: 

Li^ht tnatmi-nl (k per day) ^'Vndttton ofikrurotttng pkotnprriodic effett 


l^K 11-1! SI) 

3l< t . 1 i- SI) 

3l< jl'U ! < ! I SI) 

iKR 7R -- M) 

3R 2l'R 5I) 2R M> 

3R 2l'R 6R fill SI) 

3R 2FR 4D -sR bl> 

3R 2KR 5R lit! SI) 

3R jFR 3I) iR 4 1 • Sl)/I-I) 


exf far-red (from the third to the fifth hour) flowering was inhibited. So the sequence 
^R 2FR 7R was physiologically a long day to Salvia occidentalis. One hour less red 
j R 2FR 6R, however, induced flowering. So by this kind of treatment the 
critical daylength was reduced to a value of IT-12 h. By a slightly different treatment 
the critical daylength could be made still shorter. A daily sequence 3R 2FR 4D 2R 
gave only vegetative plants. However 3R 2FR 3D 2R induced flowering. 

We were therefore able to reduce the critical daylength for Salvia occidentalis from 
its normal -14 h to ii h, by exposing the plants to daily cycles of 3 h of red — 2 h of 
far red - 4 h of darkness - 2 h of red - 13 h of darkness (3R 2FR 4!) 2R). 

According to Meijer a main-light-pcriod reaction and a nightbreak reaction are 
necessary. The experiments described in this paper may indicate that after some hours 


Jit'feyences p. jfjo 
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of red, the far-red irradiation dose may in fact be the main light period. The second 
period of red irradiation will then act as nightbrt'ak light. 

'I'he benificial effect of the dark period after the far red may be explained by the 
fact that red light given immediately after far-red may antagonize much of the far- 
red effect. 

Philips Research Laboratories, R. van dek Veen* 

.V.F. Philips’ Glocilampenjabrieken, (>. Meijer 

Eindhm'cn (The- Netherlands) 

' G. MEtjER, Arta liolaii. Seerl., 8 (ig 5 C)) iSg. 

W. Konitz, Planta, 51 (i()58) i. 


Ober die Wirkung der Tagesdauer auf das Qberwintern von Klee 

Auf den Versuclisgiitern der Universitiit Helsinki, in Viik (Siid filmland; bo" lo'N) imd 
in Muddusniemi (Lappland; b<)" 5'N), ist im Verlaufe vieh^r jahre der liinflnss ilei 
Daiier des Sommertages auf die Oberwinterung von Klee erforscht worrlen. Die Daiier 
der taglichen Tichtperiode ist geregelt worden durch \'erdunkelung.skast(‘n, die keiii 
Licht, aber doch das Kegenwasser durchlassen. Die Temperatur ist iiini'rhalb di's 
Verdunkelungskastens im Mittel dieselbe gewesen wie ausserhalb, wo ji'doch d(>r 
Tomperaturwechsel etwas starker gewesen ist. Die Versiic.lispflanzen sind in Reihen 



• Present address: Botanical l.aboratory of the State I'niversity. I'treclit ( I'he Netherlands). 
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iTiit gcst?nseitigem Abstand von 20 cm gosiit word(‘n. Zu ciner l^robeflache liaben sechs 
Keihen von je 80 cm Liinge gi‘li(*)rt. Doch hat in VorsucluMi. in donen die verschiedeiuin 
Klccstammc miteinander verglichen worden sind, riiu' Probc^fliiclio niir cine Reihe 
umfasst (Abb. i). Ks hat WuHltTholungcn gcgi'bcii. Die .\iissaat ist Mai-Juni 
aiisgeliihrt worden, die Saatmenge hat jo kgdia ansgcMiiaelit. Mil der photoperiodi- 
sehen Behandhing der Pflanzen ist im allgerneintMi im Jiiiii begomien worden. gleieh 
nacli dem S])riessen des Klees, al)er in einigen Sonder\-ersiu'lien aiich spiiter, Anfang, 
Milte und Knde August ; di(‘ Heliandliing endete am jo. St^ptember. Hei den in Siid- 
finnland ausgefiihrl(*n V'ersuchen wurdi‘ der Restand sehon August -September ge- 
niiilit; die Stoi)])ell;inge betrug \ cm. Die rbcM wintcM ung des Klees wurde in dem auf 
.lie Aussaat folgenden W'inter untcTsuc ht. 

Wenn der WintiM' streng war, iiberwinterten sowohl Rot- (t'rifitliornm pratense) a Is 
aiK'li Alsik(*kle(* (V'. hybrid uni), wenn sie unler Kurztagbedingimgen (10 und St.) 
gewaehscm wariMi, entsehiedendusser als naeh einiT kaitwiekluiig iintiT LangtagV(M- 
haltniss(Mi (Al)l). j; Tabelleii 1 \’l). In Lappland, wo die Sonne im SoinmtT ununler- 
bnx'lien iiber zwei Monate oberlialb des llorizontes bleibt, ist die Wirkung der Kurz- 



2 Das i^luTwintiTii vtin ftolklc*' uiitrr Kur/- (vorii) uiul Lan^lagviThciltiiisscn (liinlfii). 

tagbehandlung auf die rberwinterung des Klees ungidiihr dit'sclbe gcAvesen wie in 
Siidfinnland, wo der liingstci Tag niehl ganz 10 Stunde n gedaiKTt hat (Fabclle III). 
Das Kiirzeii der tilglichen I^ichtpcriode c'luf 17 Stunden hat bei den in Lapland ausgo- 
fuhrten Versuchen das Oborwintern des Klees uberhaupt niehl verbessert (fabelle I). 
Da mit der Kur/tagbchandlung i*rst Alitte August begonnen worden ist, hat sich die 
positiv'c^ W^irkung auf das l;ber\vint(Tn des Kotklet*s I ammisto in I.appdand als nur 
vtTlialtnismassig gering erwiesen: 

15. s. 


Mehaiidliing bc'goimc'n 
ObmvinUTung (o 10) : 


\*iiT niclit 

5*5 


2J.0. 

9 7 
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Die Kurztagbehandlung verbesserte das Oberwintern aller untersuchten Kleestammo. 
Das Dbemintern finnischer Rotkleestamme (^ Stamme untersucht) verbesserte sic 
jedoch wesentlich nur in strengen'Wintern (Tabelle II). Zu untersuchen wfircn ausser- 
dem 2 schwedische, i osterreichischer, i schweizerischer, i italienischcr und 14 


TABlil.Lli 1 


dip: WIRKUNG PER TAGKSDAUER AUF liAS OuiiRWlNTPlRN PKS ROTKLEF-S 

TAMMISTO (finnlanp) UNI) 

pp:s alsikeklees tammisto (finnlanp) 

IN LA PPL AND 

1940 

10 - vollig am Lcben, o - 


abgostorbcn) 


. 

Oberwtnterung (fi-io) 


V crswhspflanzc 


- -- - 



Morm. Tag 

17 Std. 

Zf) Std. 

Rolklco 

•5.3 

1.8 

8.0 

Alsikuklec 

0.8 

15 

().o 


TABELLK 

II 


DIE WIRKl’NG niiU TAliTvSPAtTER 

AUF PAS UBERWINTERN PES ROTKLEES TAMMISTO 



Vberw mtiru ng (o-toj 

V enuch&siellc 

WtMtir 

- 

— — 



Norm. Tag 

10 Std. 

Siidfinnland 

1047 -48a 

<>■5 

9.8 

Siidfinnlaml 

1047 

6.0 

10. 0 

Siidfinnland 

57 

8.6 

9.8 

Siidfinnland 

i 05 «- 5 y 

9.4 

9.0 

Siidfinnland 

1950 60 

9.2 

10.0 

1 .appland 

1949^ -50 

2.3 

8.0 

Lappland 

1958 51) 

8.5 ■ 

9.7 

1/cippland 

i<)50 Oo . 

9.8 

1 0.0 


TAHELr.!-: 

III 


PIE WIRKUNG PER TAGICSPAUER AUF 

PAS UBERWINTERN VON 2 1 

KOTKLEPISTAMMEN 1 958 59 

AUSSAAT AM 23.5. 105 tS 


ObcrwintauHt _ . 



Lappland 

tiM k Sormallag- di-r KWf Oberwinl.fo-io) 

daucf o-„> Normaltag 

A nzahl dcr Klre 
.sfamma 

Vhcrwint .(o~ 10 ) ... 

Normaltag 

iibcr 8 2 8.8 

9.1 

4 

9. 1 8.<) 

8-5 0 5,4 

9.2 

1 

6.3 8.7 

5 -i 3-7 


8 

3.4 8-5 

untcr 2 7 0.9 

2-5 

8 

0.5 5-3 


TABELLE 

IV 


PER EINFLUSS DICR TAGESDAUER AUF PIE GESCHWINPIGKEIT PER ENTWICKLUNG UND PAS ObER- 

■^ON 21 ROTKLEESTAMMEN IN sOPFINNLANP 1058 -59. 

AUSGESAT 

Entwicklungsstufe am 

Anzakl der Klei 

Cberwinterung (o-fo) 

4.S.193S* 

st&mmc 

Normaltag 

10 Std. 

Rosette 

5 

6.4 

9.5 

Luftsprosse 

9 

3 9 

6.9 

Knospon 

6 

1.6 

4.0 

Hliihend 

I 

0.0 

0.1 


* Normaltag; bci i o-stiindigcr Tagesdaucr bliebcn alU* Kleestaniine bis Win teran fang im Kosetten- 
stadium. 
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TABELLE V 

DJK WIRKUNC; DER TACiKSDAUER AUF LUFTSPROSSKNTUl.DUXt'. I’ND IJUERWlNTKRUNt; EINIGER 
ROTKEKESTAMME IN SUDKINNLAND l<)59- I0t>O. AE'SC.KSAT AM 24 ..f.lC) 5 g 

Anza/U Jer Luff'^pro^sf jc Kethcntm ter 


Klee&tamm 


am t ^.S.i if yt) 


(jberivintentiig (th io) 


'maltag 

j.i 'yfii 

in St(t. 

S ormallag 

ij Std. 

in Std, 

Kustriisk, Schwedon 

\ 

0 

0 

9 5 

9.7 

0.8 

'n*tra Jo Tl\\ 1. Einnland 

5 

0 

0 

9.7 

10.0 

10. 0 

rHniinihto, Einnland 

0 

0 

0 

9 *2 

10.0 

10.0 

Viik. iMimland 

>5 

0 

0 

o.s 

10.0 

10.0 

l<t‘ichc*rsl)rigcT, Ostrrivich 

49 

0 

0 

S.7 

10.0 

10.0 

ldaln> X 5 t). 5 ()<), I SA 

(K) 

5 

0 

7.0 

lo.o 

10.0 


T A BELLE VI 

nir wiKKrNr. der i a<;I'.si) al’er ai’f i>as Oherwin i ekn kinkier RorKUiicsrAMME in i.apeland 



ItJ5€| ()0 

(tfh nrinti rufig i o-inj 


Klrmtamm 

\oniwUag 

I i Stii. 

in Sid. 

rammisto, iMiinland 

8 0 

10.0 

10. 0 

\'iik. l-’innland 

9.5 

10. 0 

10. 0 

rc'tra j,v V ' L I'innland 

b.2 


1 0.0 

Eustrask, St hvvctU'n 

94 

10. 0 

10 0 

Essi, Schwodcn 

0.1 

9.3 

10 0 

Mammoth x 40305. LSA 

0 0 

9.3 

lu.O 


rSA-KotkK*fstamim'. Mit Avisnahmo dcs schwed’ .clicn Kiistrilsk- und des ainori- 
kanischen Alaskland J‘‘.C. 24316- Kotklocstammcs iiberwintertcn die auslandischen 
Rotklcestamme bci l.aiigtagvorhaltnissen auch dann mangelhaft, wonn der Winter 
dcr Klceuberwinterung verhiiltnismassig gunstig war (z.B. Tabelle V und V'’!). Kurz- 
lagbehandlung verbess(Tte dann diirehaus das t djerwintern dieser Stamint*. Wenii der 
Winter strong war, starb aueh d(T unter Kurztat.'!>eiiingungor vewachsene Klee ab. 
Zugleieh stellte sicli horaus, dass diejenigen Kleestamme, die, imfiT Langtagverliillt- 
niss(‘n gewaclisen, am allersehlochtesten uberwinterten, aueh bei Kurztagbehand- 
lung den Winter sehlee-htcr als di(> tibrigen iiberstanden ('rrbelle III). Diejenigen 
Kigenscliaften des Klees, die .sein Verhalton zur Tagesdauer b(!stimmen, erwiesen sich 
also mit Riicksicht auf die (^berwinterung des Klees als wiclitig; zugleich aber stellte 
sich heraus, dass aucti die iibrigen Kigenscliaften des Klees in diesi;r Hinsiclit von 
betnichtlicher Bedeutung sind. 

Bei den in Lappland ausgefiihrten Vcrsuchen war die Entwicklung des Klees, 
offenbar infolgc der niedrigen Temperatur, so langsam, dass kein einziger der unter- 
suchten Rotkleestamme im Aussaatsommer dazu kam, sich fiber das Rosettenstadium 
hinaus zu entwickeln. In Siidfinnland dagegen t'ildete der Rotklee .-.chon im ersten 
Sommer Luftsprossc aus, ja sogar Knos|)en imd Bliiten. Zugleich war festzustellen, 
dass die Rotkleestamme im allgcmeinen um so winterhiirter waren, je langsamer sich 
ihre reproduktive Entwicklung gestaltete (Tabelle IV). Diejenigen Rotkleestamme, die 
sich unter Langtagbedingungen am schnellsten entwickelten und in dem darauffolgen- 
den Winter am schlcchtesten iiberwinterten, iiberstanden auch bei Heranwachsen 
unter den bei taglich lo-stiindiger Lichtdauer bcstchenden Verhaltnisscn den Winter 
am schlcchtesten, obgleich auch sie dann bis Winterbeginn im Rosettenstadium 
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blicben (Tabelle IV). Ks scheint also, dass die Geschwindigkeit der reproduktiveu 
Entwicklung des Kotklees dennoch nicht einzig si;ine Winter fcstigkeit cnt.scheidet. 
Bei einem im J. 1959 angelegten Versuch bildetc dcr Klee Idaho x 5951)9 in gewissem 
Masse Luftsprosse auch dann aus, wenn or untcr den Verhiiltnissen einer tiiglich i,]- 
stundigen Lichtdauer gewachsen war; trotzdom iiberwintertc or vollkomnion (Ta- 
belle V). 

Bei don obcnboschriebenen Versuchen sind woder Kleekrebs {Sderotiniu Irifoliormn) 
noch sonstige Auswinterungspilze nonnenswert vorgekommon. Bei einem Versuch 
(Tabelle II; Winter i947-48a) war das Versuchsfeld iin Winter vorhaltnisiniissig lang«' 
Zeit von oborfliichlichem filis bedockt. Iin Winter i()5g ()0 ist derartiges Eis nicht 
aufgctreten; nach dein Abschmelzen des Schneos sind ebensowenig don Klee schadi- 
gende h'rdste vorgekommen; ausserdeni ist die T(‘mperatur uiiti'r deni Srhnoe nicht 
•sehr niedrig gewesen: in Sudliniiland— .^.8 bis -j i.o”, in Lappland —47 bis -f i.o' . 
Doch gingen einige Kleestamme bei Horanwachsen unter Langtagvorhaltnissen ri'cht 
betnichtlieh ein; dagegen iiberwintorten sie b(*j Kurztagbc'handlung nahe/.u \oll- 
stiindig (Tabelle V nnd VI). Als nnunterbrochen wiihrend des Winters nnter deni 
Schnec Kleeproben entnommen wurden, konnte fostgostellt werdeii, dass die Pflanzcn 
der empfindlichston Kloe-stiimme allmiihlich schwiicher wnrdeii. Naclideni sie hen in- 
gebracht worden waren, wuchson sie iiii Vorfnihling kiiiTiiiK'rnd, mid ein J'oil der 
Individuen erwios sich schon vor ilor Schneeschmelzo als abgestorben. 

Pjlammpaihologhchcs Inslilut der UniversiliU Helsinki, Onni Poiijakali.io 

Viik, Malmi ( Finnlmd) 


Failure of reversibility of the photoreaction controlling plant growth 

This report deals briefly with the expression and failure of pholorex’ersibility of 
flowering in seedlings of JapaiU'se morning-glory, Plicirhitis nil ('hois. {1 potnoei nil 
(L) Roth)’, which is in marked contrast to the photoreversibility of flowering re- 
sponse in Xanthium sp. and Soja max sp. Nakayama'--® and Takimoto and Ikeda-* 
studied photoporiodic responses of Pharhitis including red, far-red reversibility and 
Nakayama reviewed earlier literature. 

'1 he plants used were from seeds brought from Japan by Nakayama and were in 
some rases from a strain that required only one inductive cycle for flowering :md in 
others from one that required two or more cycles. The cultural methods were es.sentially 
those described by Nakayama^. For action-spectrum experiments one cotyledon was 
removed from each seedling and the seedlings were irradiated in the spectrum of the 
spectrograph described by Parker et al.^. 

Action-spectra were measured at the beginning (Figs, i and 2) and at the middle 
(Fig. 3) of the dark period. For those at the beginning f)f the dark ^xiriod the plants 
were either placed directly in the spectrum at the end of the photoperiod (Fig. i) or 
were first given an inhibitory irradiation at an (mergj' of about 120 mj in the wave- 
length region from 700 to 800 m^ from a filtered source. They were then placed in the 
spectrum (Fig. 2). In the former instance flowering was sharply inhibited at wave- 
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I'lj;. I. Action s|)(‘('truin for floral initiation in s(M'(llinj>[s of iiTa<liatc‘il Phavhitis ///7at the* bcpfinniiif^ 
mI each of three* siicce'^Niv. daily dark periods. Nninhers on ihis ami suceet‘ding fippires irulie'ate* 
minil^er ed llowe'r buds p<*i plant at dissection 'I'he* solid and broken eurM*s indi('ate l\v*) levels 

of inhibition 


liMit^ths - 700 \wfi and \v«ts uninfluenced or possibly slightly enli; reed at \vav<'len#^tlis 
700 in/^. 'riiis effect was nnchanged throuf^hout the approximately loo-fold raiif^e of 
ener^ie.s tested. 

A similar final result was obtained (Fig. 2) when scicdlings were given an initial 
far-red irradianct* that pot(*ntially inhibited flowcTing from th(^ level of six buds per 
plant in the dark controls to two buds per plant of the far-red controls. Idowirring 
remained at the level of the far-red conlrols for all lots that r'‘ceived wavelengths 
' - 700 m/i regardk'ss of ent'rgy. Keindiu'tion of flowering at wav(‘lengths bedweem ()00 
and 700 m/I was complete at the low<‘st eiuTgy tc\sted and imi)rovcd progressively at 
shorten* wavelengths with increasing energJ^ 

h'lowtTing of seedlings placed in the sp(»ctrum i. the middle of the* night was inhibit- 
eel only in the region of ()f)0 m/i at the lowi*st ene*rgies tested (lug. .5). As energy in- 
creased inhibition occurred at both longer and shorten wavelength stations until at the 
higliest eniergy flowering was inhibited at all but the two shortest wavelength stations. 

Ke^d radiant energy was promotive* of fle)wering during tlu^ first 2 hours after the:? 
be^ginnihg of the dark period but became inhibitory about b hours later. At the b(;gin- 
Bing of the dark period far-red reversed the actie^n of red, but near the middle of the 
dark period it did not. 


Prfeyenres p. jgS 
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Reversibility of flowering in Pliarbitis seedlings was lost between the beginning and 
the middle of the ih-h dsirk period and was evidently regained during the ensuing 
8-h photoperiod. In one experiment high-intensity photoperiods of less than 8 h were 
tested to find the duration required to reinduce flowering and that for the reappear- 



Fig. 2. Action spectrum for floral initiation in seedlings of Pharhitis ml in whicli flowering was 
potentially inhibited by an irradiance of z.\nm}lcn^ from a filter ed source in tin* region of ap^rroxi- 
matcly 700 to 800 ni/4 lO-li dark periods. Tin* seedlings were tlu*n immediately irradiated in the 
spectrum. Reinductioii of flowering is indicated at wavelength stations between the solid lines. 


ance of reversibility. Plants of the onc-inductior. strain f^iven 8 h of darkness were 
tested for reversibility either immediately or after i 4-, 1/2-. i-, 2-, or 4-h light periods 
of about 2,000 fc. Only lots that received 2 or 4 h of light flowered and both of these 
were reversible. 


DISCUSSION 

The photoreaction controlling flowering may be wTitten as 

6f)o max 
Pmo ^1'. V. P730 
730 mju max 

in which Pe8o and P730 indicate the red- and far-red-absorbing forms, respectively, of 
the photoreversible pigment, phytochrome. The minimum energies at 660 and 730 m^ 
to effect reversal of flowering at the beginning of the dark period and at f)6o m^u to 
inhibit flowering at the middle of the dark period were about 6 inj/cm* and approxi- 
mately equal. A far-red irradiance after red in the middle of the dark period did not 
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reinduce flowering and when applied without a previous red irradianoc was inhibitory 
at energies > 200 mj/cm^. 



Action spectrum for floral initiation in scccllinKs of Phurbihs nil *rradiat<Hl in the mi<l(nc of 
i-ach of three, successive i<)-h dark periods. Inhilntion of flowering is sliown above the curve. 


riiest; experiments indicate that the ythytochrome pigment was predominantly in 
the form Ptm at the close of the photoperiod and was alternatclv convertible to Paao 
and Pt3o by successive irradiances of red and far-red. At the middle of the dark period 
tht' pigment was effectively in the Ptm form and was converted to Piao, the flower- 
inhibiting form, by a red irradiance. A subsequent far-red irradiance, however, did not 
reconvert P730 to Pmo- In the spectral region > 700 rtifi, v here the win*.; of the absorp- 
tion curve of P eao lies under the ab.sorption curve ot P730, the only action indicated was 
a weak absorption by Peso (big- 3)- 
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The promotion of photosensitive growth by sugars and cobait in etio- 
lated pea stem sections 

Light promotes many aspects of de-etiolation in higher plants: leaf exjjansion, opening 
of hypocotyl hooks, development of vascular tissue, formation of protochlorophyll, 
and rate of stem growth. The red, far-red reversible photoinhibition of growth in 
excised stem sections affords a .situation where it is possibli* to determiiu: whether the 
inhibitory action of light is spt'cific for growth promotions indut:i'd by variotis factors. 
If the action of light is relatively spci ific, then it might be possible to delim-ate the 
particular growth system or systems which are controlled by the red, far -red revei'-ihU' 
photoreaction. 

The experimental procedures have b«“en describi'd in detail earlier i. Excised pi(H es 
of immature, dark-grown stem ti.ssue wore floated on .standard buffcT (0.02 M t’()4, 
KH2P()4-Na2nP04, pH b.o), irradiated with red light from 4 red fluorescent tubes 
(20 min, 1000 erg/cm“/sec) , subsequently incubated in various media for 20 h or more 
in darkness (26'^- ■28'^), aftc'r which growth in l(*ngth and fresh weight was measured. 
Simihir results were obtained for \'arious incubation periods (20 70 h), as well as for 
elongation and fresh weight measurements. Manipulations were carric'd out in the dark, 
with the use of a dim green safe light. All experinuaits utilized 5 mm sections of apical 
tissue harvested from the third internode, ^fist below the apical hook, of 7 -S da\- old 
dark-grown Alaska pea seedlings. 



10 30 40 60 60 ro 

TIME, hours 


Fig. I. Timc-coursc of the photoinhihition of stem section growth. Length of sections in the 
incubation medium was measured at intervals under a dim green safe light. Gmcentrations: 2% 
sucrose; 2 • lo-® M (’ofl,. Each point represents the mean of 12 sections. 

Fig. I shows the effect of red light on the time course of growth of excised tissue 
incubated in buffer alone, in 2% sucro.se, and in 2% sucrose plus 2 • io-“ M C0CI2. 
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No other substaiK O was included in the incubation media. Ligl^t was ineffective in 
inhibitiiif^ growth in basal buffer medium, but did inhibit growth in those sirtions 
which were promoted by inclusion of sucrose in the medium. Addition of cobalt to the 
siKTose-containing medium induced an additional growth promotion in ilarkness, and 
this growth was also inhibiteil by the bri«*f exposure to red light. The c ffects of red 
light shown in Fig. i are ('ompletely reversible by subseciuent irradiation with far-red 
light. 

riu‘ red irradiation given in Fig. t was a .saturating dose. Sections incubated in 
sucrose were inhibited by Ibis dos(' to the same l(‘vt*l as sections incubated in medium 
containing both sucrose and cobalt. This photoin hibit ion of growth to the* same* level 
occurs in all experiments conc(*rn('d with sucrose and cobalt. However, the hwel of 
jdiotoinhibition does not always include all of the growth induced b>' sucrose, or 
sucros(‘ and (‘obaltous ion. 

If indole 3-acetic or gibberellic acids are addt'd to the incubation medium, they 
stinuilat(‘ growth, but this growth is in.sensitive to light. In the presence of sucrose 
and one of thesi* growth .substances, the photoinhibition is never largcT than that 
o('(Tirring with sucro.se alone. At sup(T-optimal concentrations of growth .substances, 
tile photoinhibition in the presence of sucrose may he riTluced or eliminated. 

riu' optinnmij'«:< »b conccMitration for growth jmmiotion was found to be about 
2 3 • 10 ■’ h'ig. 2 .shows tlu* effect of light on growth of tissue incubated in the 
pn\s(Mice of the divalent ion of Mn, Mg, Co, and Xi. at a ( Oiu ent ration of 2 • lo •’» M. 
Mn('l:> and MgS()4 did not alfect growth or photoinhibition in mi^dium ('ontaining 
sucrose. 'I'hese two .salts have been tested for growth promoting activity at concen- 
trations betwe(‘n lO' and lo - M , but the onlv effect obtained in the present experi- 
m(*ntal system was growth inhibition at the higluT concentrations, ('obalt indnexx! 
photosensitive growth regardless of the particular salt ntilizixl; tlu‘ anions eliloride, 
sulfate', and nitrate' having no effex t on growth at this low ('oiu'entration. 

Mg. 2 shows that nickel promoted growth to the* same Icnel as cobalt (the two ions 
ha\ (■ the same* ojitinial e-oiK'eiitration in this syste*iii), lint unlike c^ibalt, nickel induci'd 



2. Effect of light on growth iiiducod in the presence of various meital salts. All salts at a 
concentration of 2 • lo-* M, in the pre-semcc of i% sucrose. Incubation period 50 h. White bars 
indicati* growth in darkness, shaded bars indicate growth after exposure to red light. Each bar 

represents the mean of 12 sections. 
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growth which was not inhibited by light. That is, the photoinhibition of sections pro- 
moted by inclusion of nickel in the incubation medium was not significantly larger 
than the photoinhibition of sections incubated in sucrose alone. Growth induced by 
nickel has been found to be insensitive to light regardless of nickel concentration or 
light dose. 

The effect of cobaltous ion in inducing photosensitive growth seems to be specific 
for that ion, although a number of growth-promoting sugars induce photosensitive 
growth (glucose, fructose, mannose, ribose, xylose). Although cobalt may not be 
available in sufficient concentrations in intact seedlings to be a normal factor in 
etiolation phenomena, the ion does seem to affect some system which is closely 
related to etiolation phenomena. Both cobalt and light promote expansion of etiolated 
leaf discs® and opening of etiolated plumular hooks*. Miller® noted that etiolated plant 
tissues which were promoted by cobalt were also acted ujwn by light. However, tlie 
precise relation between cobalt and red light in etiolation is not clear, since cobalt 
always promotes growth of etiolated tis.sue, but light may either promote or inhibit 
growth. Miller® postulated that cobalt and light reduce the same growth-limiting 
condition in leaf disc expansion, although they might reduce it by different pathways. 
This hypothesis is consistent with photoinhibition of a sugar-cobalt growth system in 
stems, if the limiting condition may be either removed or introduced by red light 
depending on the particular tissue involved. Such a complex action of light is not 
unlikely considering the diversity of effects involved in photomorphogenic changes in 
patterns of seedling growth. 

LahoraUnre du Phytotron, Gif-sur-Yvelk ( France) Walter F. Bek isch* 

and Yale University, New Haven, Conn, (IkS.A.) 

* W. F. Bertsch and \\'. S. Hillman, .-/»». /. liol., (1961) in tin; press. 

* C. O. Miller, Plant Physiol., zj (1952) 408. • 

® W. II. Klei.v, in R. B. WixiiRovv (Editor), Pholoperiudism and Related Phenomena in Plants and 
Animals, Am. Ass. Advance. Sci., Washington U. C., 1959. 


• T^e author is indebted to Dr. W. S. Hillman and Professor A. W. Galstou for their help and 
criticism during the course of this work. This investigation was carried out during the tenure of 
a Predoctoral Fellowship from the National Cancer Institute, U. S. Public Health Ser\ ice 
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Influence on root growth of light, iron and gibberellic acid 

Ordinary roots of higher plants etiolate in darkness and their growth is arrested by 
visible light. This has been studied on e.xcised wheat roots cultured in nutrient solu- 
tions. The inhibition depends partly upon a reduction in cell multiplication in the 
nieristem, partly upon a reduced rate of elongation of the cells. Only this latter effect 
will be dealt with in the following. The e.x])erimental technique employed* allows the 
rate of cell elongation in a restricted sense to be separated from both cell multipli- 
cation and duration of cell elongation, which is es.sential for the interpretation of the 
light inhibition. This occurs only if the roots are supplied with Fe (lo ® M). In the 
jib;K.*nce of external Fe the roots are practically light-insensitive. Gibberellic acid 
(ro ® Af) increases the rate of cell elongation in the light, but has no such effect in 
darkness. Superficially the inhibition by Fe -|- light is reversed by GA. The roots also 
form chlorophyll in light, in the innermost cell layer of the cortex beginning at the 
(>nd of the zone of elongation. It is incri'ased by Fe and decreascxl b\' GA. 'I'here 
is an inverse lineaf v . latioii between rate of elongation and amount of chlorophyll 
formi'd. The results .suggest some connexion between inhibition of elongation and 
formation of chlorophyll, and a direct action of at lca.st F'e on the chlorophyll forma- 
tion. The experimental data have been published elsewhere*. 

imliiutc of Plant Physiology, Hans Hurstrom 

Lund (Sweden) 

‘ il. Mi!KS'1'k6.m, Physiol. Planlarum, 13 (iq6o) 597. 


On the hormonal mechanism of photoinhibition of plant stem growth 

Growth and form of plants are regulated by both intensity and spectral distribution 
of incident visible radiation. It has been learned that control of stem growth by 
visible radiation is mediated through the plant growth hormone gibberellin. Other 
morphogenic responses to light, e.g., leaf expansion, rate of node formation, etc., are 
•completely independent of gibberellin. 

It is known that light inhibition of stem growth of many dark-grown plant species 
can be quantitatively reversed by gibberellin tTe:'‘ment. The only revvsonable kinetic 
interpretation of the reported results is that light affects the level of endogenous 
gibberellin* (a kinetic analysis of growth factor interactions is being prepared), 
presumably either by interfering with gibberellin synthesis or diverting gibberellin 
to some other process. It is interesting to note that examples of the Cucurbitaceae, in 
which photoinhibition is not reversed by applied gibberellin A3, show complete rever- 
sal of inhibition when treated with gibberellin ^44**. More recently it has been found 
that the red-far-red influence on stem growth of greenhouse-grown Pinto beans 
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(Phaseolus vulgaris L.), and otlicr plants^ can also be prev'ented by saturating gib- 
berellin treatments. 

Pinto beans have proved to be extremely sensitive to light intensity in addition to 
their sensitivity to the red/far-red spectral ratio. Plants grown in 50% shade elongate 
2-3 times more rapidly than plants grown under full greenhouse solar radiation (ca. 
80,000 Lux). Further reduction in light intensity results in gradually decreasing 
growth rates, due to decreasing photosynthesis. On the other hand, the decrease in 
growth rate as a result of high light intensities is, apparently, the result of a decrease 
in natural gibberellin at these high intensities. This is demonstrated by the obser- 
vation that when plants are saturated with gibberellin (by external treatment) they 
grow most rapidly in full sun. At 50% shade, growth is nearly as groat as in full sun, 
while further decreases in light intensity result in marked decreases in growth — since 
photosynthesis becomes a concurrent "limiting factor” at low light intensities. 

At the present time it appears that two classes of plants may be distinguished. I'he 
first class is that represented by the Pinto bean, in which stem growth is almost 
completely limited by the level of endogenous gibberellin, demonstrated by the ex- 
treme response to gibberellin treatments. Such plants show marked increases in stem 
growth as a result of partial shading. The other class is represented by Alaska jx?a, 
which shows little response to applied gibberellin, and only slight increases in growth 
at reduced light intensities. Thus, some plants, by their genetic nature, are nearly 
saturated with endogenous gibberellin under good growing conditions. lncrea.sing the 
level of gibberellin by lowering the light intensity has little influence on growth rate 
in this type. 

Much further work is necessary to determine whether this may be considered a 
general physiological distinction between different plant types. 

Division of Biology, California Institute ^ James A. Lockhart 

of Technology, Pasadena, Calif. ( U.S.A .) 

' J. A. Lockhart, Plant Physiol., 34 (1959) 457. 

J. A. I-OCKHART AND P. 11 . Deal, N aiurwissenschaften, 47 (i960) 141. 

R. J. Downs, S. B. Hendricks and H. A. Borthwick, Botan. Gaz., 118 (1957) 


Remarques sur la portae des differences quantitatives entre les exi- 
gences des plantes de jours longs et celles des piantes de jours courts 
vis-e-vis des dclairements r4duisant ou interrompant ia dur^e de la 

nuit longue 

Ri&SUMt 

On salt que la reduction de la durec de la nuit longue par un “appoint” d’heurcs de 
lumidre blanche ou colorw; permettant de d^passer alors en eclairement la duree 
minimale de la photop^riode critique, aussi bien que “I’ interruption’’ de la nuit longue 
en son milieu par un court Eclairement blanc ou rouge clair, exercent. Tune comme 
I’autre, un "effet de jour long" sur les deux principales sortes de plantes sensibles au 
photopEriodismE. Un Eclairement court en rouge sombre (infrarouge) immEdiatement 
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cons&utif a rintcmiption en rouge clair ou cn Wane, annule, en general. I'effet de 
jour long qui aurait <Ste donnE par ce deniier Eclairement soul. 

Cependant, ces r&ultats presentent de nombreuses variantes d’esp^ce h espdee, 
mais surtout ils montrent une grande difference quantitative geitcrale»tent observe 
entre I’ensemble des plantes de jours courts d’une part, et I’ensemblc des plantes de 
jours longs d’autre part. La portee de cette difference ne scmble pas assez souIign<ie. 

Chez les plantes de jours courts. I’effet de jour long est ddji obtenu, dans les deux 
procedt^ experimentaux rappeles ci-dessus, avec des eclairements faibles, de I’ordrc 
de <iuelques lux (cn Wane), souvent moins de 10 h 30 lux, pendant la durde suffisante. 
Chez les plantes de jours longs, il en faut souvent 5 k 10 fois plus, parfois 100 fois plus, 
et cet appoint n’a son efficacite que si TtVilairemcnt fondamental court qui prw^de 
((|uc j’appellc eclairement trophique) a etE suffisamment intense. 

L’interruption de la nuit longue par le bleu ou le rouge clair provotjuant un effet de 
jour long, I’annulation de cet effet par le rouge sombre consecutif ((juand cette annu- 
lation .se produit) sont obtcnucs chez les plantes de jour court par des energies lumi- 
neuses de I’ordre de 100 a 300 ergs/cm‘^/sec pendant des durees d’envirou 15 sec ii 
2 ou 3 min. Mais chez les plantes de jours longs, il faut en general des energies de 
I'ordre de 10 k 100 fois plus grandes, soit par I’intensit^, soit par la dur^e; p.'irfois le 
minimum de I’in^eft'^to efficace approche de I’intensite de la lumiere solaire naturelle, 
du moins chez certaines especes; parfois meme les courtes interruptions les plus inten- 
ses demeurent inefficaces pour provoquer I’cffct de jour long. 

La determination quantitative des durees et des intensit^s efficaces relativeintmt a 
tie lelles differences, ne semble pas avoir fait I’objct d’un nombre suffisant d’obser- 
tatiuns bien controlees. je voulais sculemtait attirer I’attention sur cette lacunc 
partielle dans nos connais-sances, telle qu’elle rcssort d’un grmid nombre d’essais 
preliminaires dans mon laboratoire. En effet, tout sc passe comme si les plantes dt; 
jours courts subis-saient, notamment par I’interruption de la nuit longue, une sorte. de 
“declic” lib<?rant une reaction exothermique qui ramene a neant les preliminaires de 
I’induction florale, tandis que chez les plantes de jours longs il faudi ait une elaboration 
de substances dependant de I’energie luminouse retjue et de sa leiigueur d’onde pour 
achever de conduire I’induction florale a son termc. 

Laboratoire de Physiologie Vegetale de la 1*. Chouakd 

I'uculte des Sciences, Paris (France) 


Quelques effets d'^clairements color^s sur Chenopodium polyspermum 

Chenopoditim polyspermum L., plante de jour cou • preferantei, fleunt a un stade de 
developpement trks precoce sous 8 h d’eclairement : les cotyledons s’dpanouissent, les 
deux premikres feuilles s’dbauchent et I’apex devient florifdre (il donne une fleur, 
rarement deux) (Fig. i). 

(■ onditioHS expdrimentales 

Les eclairements colords sont foumis par des tubes fluorescents dont les radiations 
sont selectionnees par des filtres colords de plcxiglas. L’infra-rouge proche est obtenu 
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par I’emploi de lampes a incandescence sous-voltees et de deux filtres rouge ct bleu. 
Ces ^lairements colorfe sont de I'ordre de 200 erg/cm^/sec. L’^clairemcnt blanc, 
de I'ordre de 2,000 erg/cm*/sec, est produit par des tubes fluorescents "Blanc Soleil 
de Luxe", 



Fig. 1, Plante florif^re montrant: une fieur, deux jcunes feuilles. d^iix cotyledons. 



Fig. 2. Action des edaircments colords d'appoint'de 15 h sur la floraison. 
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Resultats experm entanx 

Dans une premifire serio d'expcriences les plantes ro<^oivcnt un 6clairemcnt blanc de 
bast' de 9 h suivi d’un eclaircmont colore de 15 h. Contrairement au comportement de 
Salvia occidentalis etudiee par Meijer®, la floraison de ('henopodiuiu pnlyspermum est 
bcaucoup plus rapide dans le bleu que dans le rouge et le blanc (Fig. 2). La croissance 
vegetative se deroule comme chez les especes etudiees par Wassink ct Stolwijk®-*, 
c’est a dire qu’elle est plus active (nombre et taille des feuilles, prt^ence de rameaux 
sccondaires) dans le rouge puis dans le blanc etcn fin dans le bleu. 



Fig. 3. Effet dcs dclairements rouge et infra-rouge interrompant la nuit longue. 


Dans une deuxieme serie d’expcriences les eclairements rouge ct infra-rouge sont 
fournis aux plantes pendant de courtes periodes interrompant, en son milieu, la nuit 
longue de 15 h. Les plantes sont clevis en conditions dysperiodiques, c’est a dire non 
photo-inductives, de 24 h d’eclairemcnt blanc; quand dies ont atteint le stade de 8 
feuilles, une seulc nuit longue suffit a provoquer la floraison^. Les plantes sont expe- 
'rimentfe a ce stade. Une interruption de la nuit longue i)ar un dclairement rouge 
(39 sec, 15 min, ou 30 min) inhibe partiellcment la floraison tandis que I’infra-rouge 
n’agit pas (Fig. 3). Ces resultats sont a rapproc; .rr des observations faites en 1946 
par Parker, Hendricks, Borthwick et Scully® en ce qui conceme I’effet des ^laire- 
ments colores interrompant la nuit longue. L’inhibition par le rouge n’est pas totale; 
une, deux, trois nuits interrompues ne permettent pas la floraison, mais quatre 
induisent une floraison tardive et de faible intensity (5 ou 6 flours par plantc). 

L’eclairement rouge est d’autant plus actif qu’il est fractionn^ en plusieurs periodes 
de tres courtes dur 4 es (30 sec) au cours de la nuit longue. Ce dernier fait a 6t6 observ 4 
par Lincoln, Raven et Hamner® en 1956. Chez cette plante, contrairement a ce qui se 
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produit chez de nombreuses autres csp^ces, la reversion de Taction du rouge par le 
proche infra-rouge n’a pas 6 te observee. 

Conclusions 

Chez Chenopodium polyspermum Teclaircment bleu d’appoint au m^mc titre qu’une 
longue periode obscure est tres efficace pour accolerer la floraison quand il est utilise 
pour completer T^lairement de base blanc. L'eclairement rouge inhibe la floraison 
initide par une seule nuit longue. Cette inhibition n’est pas totale et clle n’est pas sup- 
primw par le proche infra-rouge. 

Laboratoire du Phytotron, Roger Jacques 

Centre National de Recherches Scientifiques, Monique Jacques 

Gif-sur-Yvette, Seine et Oise ( France) 

1 R. Jacques, Colloq. intern. Photo-thermopiriodisme, Parma, 1957, p. 125- 

* R. G. Lincoln, K. A. Raven et K. C. Hamner, Botan. Gaz., 117-3 (1956) i93- 
» C. Meijer, Acta Botan. Neerl., 8 (1959) 189. 

* M. W. Parker, S. B. Hendricks, H. A. Borthwick et N. J. Scully, Botan. Gaz., 108 (i9‘|6) i- 
s J. A. J. Stolwijk, Mededel. Landbouwhogeschool Wageningen, 54 (1954) 103. 

* E.C. Wassink et J. A. J. Stolwijk, Akad. Wetenschap., Proc. Ser., C, 55 (1952) 
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Action des ^clairements color^s sur la floraison de /Myosotb palustris 

Myosotis palustris est une plante de jour long absolue, e’est dire qu’clle ae fleurit 
jamais en joum<Se courte de 9 h d’eclairement solaire. Nous etudierons ici Taction des 
dclairements colords sur la floraison de cette plante, l'eclairement ctant donne, soit 
comme appoint, soit en interruption de la nuit longue. 

(1) Eclairements d’appoint 

Si nous compldtons un cclaircment trophique obtenu avec 9 h de lumidre blanche 
(2,000 erg/cm 2 /sec) par 15 h d’eclairement colo>-' de plus faible intensite, do Tordre 
de 200 erg/cm2/sec, nous obtenons un effet de jour long avec le vert, le jaune, U* 
rouge, Tinfra-rouge et le blanc mais jamais avec le bleu. 

(2) Interruptions de la nuit longue 

Si nous interrompons la nuit longue par 0.5 h d’un cclaircment de faible intensite 
nous obtenons la floraison de Myosotis palustris avec les luinidres rouge et blanche 
mais pas avec le bleu ni Tinfra-rouge. 

■ Quand ces eclairements blanc ou rouge sont suivis d’un eclairement de mdme inten- 
sitd et de meme duree, dans Tinfra-rouge, leur effet est annuld. II semble egalement 
que Teffet d’une interruption de la nuit longue par le blanc ou le rouge soit, sinon 
annulc, du moins fortement diminud par un eclairement bleu consdeutif. 

Conclusion 

Chez cette plante Teffet “de jour long” provoqud par le blanc, le rouge clair et 
meme le proche infra-rouge quand ils sont donnes en long appoint, aussi bien que 
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15h 

— 1 

2000 erg/cm^sec 200 erg/cm Vsec 

Noir: cffct normal cli* jour court; Blanc, Vert, Jaiine, Rouge, I.R.,: effet dc jour long; Bleu 
pas d'effet dc jour long. Teffet dc jour court dcmcurc. 



Fig. f. Fffet des eclairements d 'appoint. 


9h 




2000 erg/cm Vsec 200 erg/ c m Vsec 

Blanc, Rouge; cffct dc jour long; Bleu, I.R. : pas d'effet dc jour long, I'effct dc jour court dcmcurc. 



Fig. 2 . Interruptions de nuit induisant la floraison. N = noir, R = rouge, B blanc. 


I’effct dc jour long du a ^interruption de la nuit longue par un bref eclairement rouge, 
et son renversement en effet de jour court par un eclairement infra-rouge bref et 
iramediatement consccutif, sont des resultats maintenant classiques. 
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Mais il faut remarquer notamment les particularity de I’effet de la lumiyc bleue 
qui, contrairement a ce qui se passe chez d’autres espfcces, agit de fa^on opposde a 
toutes les autres couleurs en lumifere d’appoint prolong^ et agit asscz pareillement a 
I’infra-rouge en interruptions breves, soit pour ne pas provoquer I'cffet de jour long, 

l/2h yih 

Blanc -*■ I.R.: effet de jour long annuls, cffet de J.C. Rouge ->■ Bleu: effet dc jour long att6nu6. 



Fig. 3. Interruptions de nuit produisant un cffet de jour court. N — noir, JR infra-roug(’. 

R = rouge, B — blanc. 

soit pour annuler (mais en partie seulement) I’cffet de jour long d’un eclair bref rcfu 
pr^alablement cn rouge clair ou en blanc. 

Laburatoire du Phytoiron, A. LquRTioux 

Centre National des Kecherches Scientifiques, 

Gif-sur-Yvette, Seine el Oise (France) 


Influence de la lumi%re sur la germination des graines de 
Phae0lla tpnacetlfolla Benth. (HydrophYllacies) 

La germination des graines de Phacelia tanacelifolia est inhibee par la lumi^e blanche 
(400-800 m^) 8 . 4 .*, 

L'(?tude de Taction qualitative de la lumi^e a mis cn evidence les faits suivants: 

(1) Influence de la lumiire rouge sombre( yooSoo mu) 

La lumi^e rouge sombre inhibe fortement la germination. Le maximum d’activitc 
est obtenu k 730 m/i. A cette longueur d’onde, en dclairement continu, Tintenslte 
d’illumination n<?cessaire pour rdduire la germination de 50% (i 50) est de 20 ergs/sec/ 
cm*. L’inhibition de germination est proportionnelle au logarithme de Tin tensity. 

(2) Influence de la lumihre rouge clair ( 6 oo-yoo m/a) 

La lumidre rouge clair inhibe la germination avec un maximum k 660 m^u. A cette 
longueur d’onde, i 50 — 200 ergs/sec/cm*. 



INFLUENCE DE LA LUMlfeSE SUE LA GERMINATION DES GRAINES 


409 


(3) Influence de la liimiere bleue-violelle (400-530 ni/i) 

L’activitc inhibitrice se repartit comme suit: 

(fl) 400-460 mfi: inhibition dc la germination avcc un maximum a 435 m/i. A cette 
longueur d'onde pour t = 400 ergs/sec/cm‘‘®. 


Hg 


pourcuntage de gennination a la hi micro 
pourcentago d(* germination a rDhsciirite 


« 54 


(/;) 460-500 pas d’inhibition. Pour i 400 ergs/soc/cm-, /v*g i. 

{c) 530 m/I.: inhibition de la germination avec maximum a 505 m/i. Pour 

/ 400 ergs/sec/rm*^, Rg ^ o.hh 


D'autre part, bien (jne les lumieros rouge sombre ot rouge' elairinhibent la germination, 
leiir antagonisme demeure: une tt'mperature bass(‘, voisine do 5^', est une dos nom- 
breuscs conditions qui determinent la gc'rmination des graines de Phacclia irradii'es 
par la lumiere blanche. Dans cc'S conditions, a la lumierc' blam'he, 50% des graines 
germent. Si Ton intercale entre la source' lumineusi' ('t les graines uii filtre laissant 
j)asser la lumiere rouge clair. on obtient 82**;, dc germination. Par contre, le fait 
crintercaler im filtre qui ne transmet (]ue la lumien' rouge sombn^ inhilx! (|uasi totale- 
miMit la germination' (jui ne se produit (pi’a 2**,^. t etle I'xperience met on evkh'iice les 
faits suivants: 

{a) La lumiere rouge .sombre inhibe fortement la gi'rmination c|uand elle agit seule. 
(!ette ineine lumien', a intensite egale, a une influence inhibitrit i^ moindre lors(ju’clle 
est as.socice a la lumiere roug(' clair. 

{/)) Les temperatures froides. qui sont c.a])ables de provocjuer la germination des 
graines irradices par la lumiere rouge clair, rront aucune influence sur rinhibition de la 
germination due a la lumiere rouge sombre. 

On pent realiser la meme experience en utilisant d(.‘S solutions d'acide gibberelliciue 
a 100 p.p.m. L’etude laite sur les traitements susceotibles de fe^' c germer les graines 
de l^liacelia a la lumiere nous a montre qu’il existait de nombreu-f analogies entn^ le 
comportement de cette espece d<* graine et celui de graines dont la germination est 
stimulee par la lumiere blanclu^ (excmple Betula pubesccns'^). 


T.\1U-EAU I 



Action de la lumiere 

Traitements susceptibles dc fatrr germer les graines A VnhsturiU 

Betula 
pubescens 
(Black et 
Wari»ing) 

La lumiere blancht' 
stimiilc la germi- 
mination 

fortes tensions d’oxygcnc 
scarifications mecaniciut's 
temperatures froides 

- solutions d’acide gibberellique k 100 p.p.m. 


Action de la lumiere 

Traitements susceptibles de faire germer les grains A la lumiire 

Phacelia 

tanareti- 

folia 

(Rollin ®»7 et 
Martin) 

La lumiere blanche 
inhibe la germi- 
natitm 

-- fortes tensions d’oxygene 

- scarifications m6caniques 
temperatures froides 

- solutions d’acide? gibberellique ii 100 p.p.m. 

- trempages dans I’eau oxygenee 

- pretraitement pendant 2 li k 0o'\ 
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Tableau I resume les resultats obtenus par Black et Wareing® sur Betula pubescens 
et par nous-mdmes sur Phacelia tanacetifolia*<'^. 

Chez ces deux graines la presence d’un inhibitcur hydrosoluble et thermolabile a 
ete mise en (Evidence. 

Lahoraioire de Physiologic Vegetale, P. Rollin 

Faculte des Sciences, Sorbonne, Paris (France) Marie Martin 
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Light-shock responses in crayfish 

Light plays a very imjwrtant role in the physical adjustments of many organisms to 
their environment. Tire responses to light by the larger metazoans, largely equipped 
with various motor appendages, have been studied ext»*nsively during the past century. 
These resjwnscs vary from animal to animal and under different stimulus conditions. 
However, a commonly ob.served phenomenon among a variety of animals is a sudden 
motor response to sudden change in inculent light. For e.xamples, clams contract their 
siphons’, barnacles withdraw their appendages-*, tubicolous polychaete worms with- 
draw into their tubes®, and sunfish show a backward movement reaction**. Wolf and 
Z(*rrahn-Wolf used the term "shock response” to describe this reaction of sunfish, and 
tliis term has been adopted to apply to the reactions of crayfish, which normally 
respond to sudden illumination with sudden changes in botl^' tone or movements of 
appendages®. 

Individual crayfish of the species Orconectes virilis were placed in distilled water in a 
gla.ss dish, which ie w;is placed within a tran.sluceiil cylinder and a reflecting cone. 
Large recording electrodes which did not interfere with the movemcMits of the cray- 
fish w<T(’ placed peripherally in the dish. The.se remote electrod«*s readily detect the 
hioelectrical potentials that accompany tlu* inotor responses. The iX)tentiaLs were 
amplified and recorded with a cathode ray oscilloscope (('RO) and camera. Tungsten 
filament lamps of various wattages producing a range* of luminance values (see 
Table I) were used for stimulation. The animals were dark adapted for about 20 30 
min before each test. During the periods of adaptation the animals became quiescent 
and hence there was little electrical activity on the CRO. Responses to sudden illumi- 
nation showed up as electrical action potentials with amplitudes in the order of 
50 100 //V which stood out clearly against the nounally low background activity. 
Responses were not always clear and definite. Only responses that showed an obvious, 
sudden transient potential were charactt;rizcd as true responses. These are listed in 
Table I. 

The data indicate that only a little over one half ol the stimulus situations were 
successful in eliciting responses. The lower luminance values were generally less 
effective in eliciting responses. Also the succe.ssful responses were much more variable 
in response time. In contrast the average response times for the luminance values 
above 15 mL fell within a narrow range. It appears that reflexive startle. re.sponscs 
with minimal response times are involved at these higher intensities. At the lower 
inton.sities all responses may not be startle responses; undoubtedly .some of them are 
simply motor responses to light, i.e. they are not eii.'..rgcncy responses. And indeed in 
some experiments responses occur only after several seconds have gone by. For that 
reason some sort of time limit must be set up within which a response may be termed a 
shock response. This is discussed below. There is an obvious inverse relation between 
the stimulus strength and the average response time at the lower intensities. This was 
also reported by Stehr® for six species of aquatic arthropods with which he worked. 
The data of the present study and the data of Stehr do not follow the Bunsen-Roscoc 
reciprocity law, indicating that the responses are not a direct consequence of the 
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TABF-E I 

DATA ON SHOCK RESPONSES TO LIGHT IN CRAYFISH 


uminance 

Number 

Number of 

Response 


Percent 

Average respons 

in mL 

of tests 

responses 

times (w) 

responses 

time {sec) 

1-7 

T 1 

4 

*•77 

i.q8 

36 

1.69 




2.48 

0.52 



5-3 

*7 

8 

0.84 

I.2Q 

47 

0.91 




1.87 

0-43 






1.14 

0.42 






0.65 

0.62 



10.8 


8 

0.64 

0.20 

57 

0.38 




0.20 

0.56 






0.42 

0.18 






0.32 

0.49 



15-6 

7 

3 

0.15 


43 

0.23 




0.31 







0.23 




311 

9 

3 

t >-*3 


33 

O.2O 




0.25 







0.40 




5 i.« 

5 

4 

0.14 

0.26 

80 

<).2«» 




0.22 

0.18 



84.6 

8 

6 

0.20 

0.13 

75 

0.26 




0.46 

0*35 






0.22, 

0.23 



121.0 

4 

3 

0.20 


75 

0.22 




0.25 

0.20 





primary photochemical action. Certainly the complc.xity of the central nervous 
system would introduce many potentially variable factors that become involved in the 
mediation from the initial photochemical event to the final motor responses. 

Some recent experiments indicate that picrotoxin has definite effects on shock 
responses to light in crayfish’. Under a slightly different experimental design, 500 
foot-candles average illumination produced 15 responses in 40 tests (38%) in control 
animals. The average reaction time was about 360 ms^^c. Animals injected with 
picrotoxin responded 34 times in 35 tests (97%) and the average reaction time was 
i8o msec. In this particular study the time limit for a definite shock response was 
considered to be one second. Although this is a somewhat arbitrary limit, the studies 
reported above and the studies with picrotoxin indicate that one second is at present 
a reasonable limit to adopt for what is called a shock response. 

A number of things tend to indicate that shock responses to light in crayfish are 
not rigid reflexes involving a minimum of neurological mediation. Firstly, there arc 
large variations in response times, especially at the lower luminance values, even 
though these values are several log units above the intensity threshold for vision in 
crayfish^. Secondly, even at the higher stimulus intensities a response is not certain. 
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Finally, the experiments with picrotoxin indicate that a drug with central excitatory 
action can change both the percentage (probability) of response and the average 
response time, indicating that some modification of the central integration involved 
in shock responses is possible. In conclusion it is proposed that the general term 
•light-shock response" be used to describe the sudden motor responses rapidly fol- 
lowing sudden changes in incident light. In crayfish these light-shock responses appear 
to be general enough to be treat(‘d as a definite phenomenon, but labile enough so as to 
indicate that they are not simple reflexes. 

Department of Biology, George Camougis 
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The correlation of photobehavioural and retinomotor responses in the 

Pacific salmon 

Certain behavioural responses of animals are results of the influence of the physico- 
chemical environment on the physico-chemical organism. The phototactic, migratory, 
feeding and schooling responses of the juvenile Pacific salmon (Oncorhynckus) may be 
correlated with their retinal responses. 

Retinomotor responses 

The retinal epithelial pigment, cones and rods in the salmon are capable of under- 
going extensive photomechanical changes. 

In the light, the pigment is fully dispersed, the cones are contracted and the rods 
are expanded. In the dark, the opposite happens. The movement of the cones and 
rods is due to the expansion and contraction of their myoids. The rate of change from 
dark-adapted to light-adapted condition and vice versa is also known ‘-3. Full light- 
adaptation occurs in about 20—30 min w'hile it takes about 4^5*^ lo*’ dark- 
adaptation to be completed. 

Retinomotor responses elicited by low Ught inter, itics arc similar to the process of 
dark-adaptation. When the light intensity decreases below their thresholds, the retinal 
pigment and visual cells commence migrating towards their dark-adapted states. 
When, the light intensity falls below its threshold the pigment begins to contract and 
takes various positions ranging from the fully dispersed (light-adapted) state to the 
maximally contracted (dark-adapted) state, thereby regulating the amount of light 
absorbed inside the optic cup. This exposes the rods (whose myoids meanwhile con- 
tract, bringing them closer to the limitans), which have been shielded by the dispersed 
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pigment in the light-adapted state. The cones, simultaneously, migrate away from 
the limitans and eventually comp to lie close to the contracted pigment. Thus, declin- 
ing light intensity, when it reaches a certain level or levels, triggers these three re- 
sponses. 

Pkototactic response 

The retinae of newly hatched alevins do not undergo any photomechanical changes^, 
although the alevins themselves are photosensitive as seen by their tendency to hide 
under stones, as a result of photo-negative response^. They become less photonegative 
and increasingly photopositive with age. This coincides with the greater development 
of the retinal elements resulting in their increased ability to respond to light, culmi- 
nating in the photopositive emerged fry that is capable of marked retinomotor re- 
sponses and possesses full visual acuity as .shown by the feeding experiments^. 

Migration 

The downstream migration of juvenile Pacific salmon which takes place at dusk is a 
combination of the fish’s response to light and its individxxal behaviour pattern-'*. Tlie 
retinae of sockeye and coho smolts as well as pink and chum fry are in the proctr.ss of 
dark-adapting at the time of the commencement of downstream migration^. 

As the light intensity decreases, the fry of the migrating species (0. nerk'r, 0. 
gorbtischa] O. keta) rise to the surface and either swim with tl>e current or are dis- 
placed^*®-®. The mechanism of downstream migration is similar in both the fry and 
smolts. The coho ( 0. kisukh) fry do not show the same marked increase in activity at 
dusk. This appears to be the reason for their failure to rise to the surface and get dis- 
placed, except at times of high water when some displacement occurs®. The Tact that 
the cone threshold of coho fry (lo-' ft.-c.) is lower than that of the other species 
(io°ft.-c.), while their rate of dark-adaptation is very similar might be the reason for 
this difference in behaviotir'4. The fish commence migration as the light-intensity 
decreases below their cone thresholds and their eyes begin to dark-adapt resulting in 
a state of night blindne.ss until the process is completed®. The light intensity decreases 
more rapidly than the eye can dark-adapt and due to the re.sulting semi-adapted state 
the fish lose their ability to maintain po.sition \v>h relation to some reference point 
and swim with or arc displaced downstream by the current. When the eyes get com- 
pletely dark-adapted they are able to perceive large objects and maintain pasition 
with reference to them and migration ceases or slows down considerably. This suggests 
that the states of retinal adaptations are responsible lor the marked peak in migration 
at dusk. The longer the time for dark-adaptation, the longer the peak lasts. The peak 
in migration may also have definite survival value®. This peak is related not to the 
time of the day but to the light intensity’. This may be correlated with the fact that 
the retina of Oncorhynchns exhibits no diurnal rhythm®. 

The influence of temperature on migration® does not appear to be due to its effect 
on the retina of Oncorhynchns^. 

Feeding 

The Pacific salmon is essentially a surface feeding fish which depends mainly on its 
vision for the location and capture of prey®. Active feeding ceases in the dark except 
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for the occasional chance capture of prey. As long as the light intensity is above the 
( one threshold, the ability to capture prey is at its maximum and when the light in- 
tensity is between the cone and rod thresholds, this ability decreases and is directly 
proportional to the logarithm of the light intensity. The method of capture of prey 
also chc'inges. The fish stay at the bottom thir.l of the aejuarium and locate the prey by 
its silhouette. This change in the mode of capture indicates the inability of rods to 
resolve as the cones do and the loss of visual acuity in the scotopic visual field. 
With d(?creasing light intensity the difference between the shadow and background 
dimini.shes and when the light intensity is below the rod threshold the fish is unable 
to locate the prey and feeding stops ’. 

Schooling 

Sight is the primary reciuisite in the formation and maintenance of a .school*- 1®. 
How('ver, full acuity of vision is not necessary for this purpose. As long as the light 
intensity is above the rod threshold, fish are abli' to .school and disperse only when 
till* light falls below the rod threshold when even the shapes of !'»rge objects are not 
recognisable-. 
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Wirkung optischer Strahlung auf das vegetative Regulationssystem* 

Bereits 1948 wnrdc von uns zuniichst der Nachweis erbracht, dafr. gleichzeitige Be- 
strahlung mit UV + IR den Stoffwech-sel bei Saugetieren und Vdgeln beeinflussen 
kanni-8. Es wurde gefunden, dass solche Wirkungen immer dann auftraten, wenn 
UV-Strahlung unterhalb 330 nm zusammen mit IR-Strahlung iiber 3000 nm aufge- 
strahlt wurde. Ausserdem ist dabei entscheidend, d . 'S der Quotient U\' : IR in den 
(irenzen zwischen i : 25 bis i : 300 liegt. Schon damals konnte es wahrscheinlich 
gemacht werden, dass diese Wirkungen uber das vegetative Nervensystem verlaufen. 
Die Abb. i zeigt den Stoffwechsel eincr weissen Maus nach Bestrahlung mit einer 
Osram-Ultravitalux-Lampe. Abb. 2 zeigt die Stoffwechselsenkung bei Hiihncrn nach 
Bestrahlung mit UV + IR. Es wurde also damit erstmals der Nachweis erbracht, dass 
es Strahlenwirkungen gibt, die spezifisch das vegetative Nervensystem beeinflussen, 

• Herrn Professor Dr. Hermann Giersberg sum 70. Geburtstag gewidmet. 
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Durch die zentrale Stellung dieses vegctativen Nervensystcms war os naheliegend, 
dass mit Einfllissen auf viele pliysiologische Funktionen im Orgiinismus bei einor 
solchen kombinierten Strahhing zu reclinen ist. 



Abb. 1. OriginabCOa-Kurvo oinor Mans. Hcstrahlung mit oinor ritravilalux-Lainpo. 



Abb. 2. C'Oa-Kurvt' oiiu's Huhnes. Hcstrahlt mit ciiHT ritravitaliix-I-ampc (lA’L). 

m 

Es muss betont werdeu, dass <lio Wirkung tier UV 4- IR-Strahlung auf das vege- 
tative Nervensystem auftritt, ohne dass dor Erythem-Scbwellenwert iiberscliritten 
wird. Im Gegenteil, eine opUm.ile spczifischc Wirkung auf das VNS ist nur durch cine 
Bestrahlungsdosis zu erreicben, die unlerbalb der F2rytbemschwelle liegt. Auf die 
giinstigste therapeutische Strahlenbehandlung % ill spiiter noch etwas ausfubrlichcr 
eingegangen werden. 

Bereits bei den ersten Untersuchungen mit koTubiniertei UV -f- 1R-B(*str;dilung 
zeigte sich schon, dass neben der Wirkung auf den Stiiffweclisel in hohem Masse aucli 
der Blutkreislauf mit beeinflusst wird. Systematische Untersuchungen in diesor 
Richtung baben dann auch ergeben, dass durch die gleiche Strahlenkombination von 
UV und IR die Regulationsvorgange dcs Kreislaufs w'eitgehend beeinflirs-sbar sincl. 
Durch kreislaufanalytische Messungen nach Wezlei -Bdger’ bezw. Brbmser- Ranke* 
baben sich diese Beobachtungen objektivieren lassen. Insbesondere vegetative Dys- 
regulationen (Vegetative Dystonicn) la.ssen sich durch systematische Behandlung mit 
dieser kombinierten Bestrahlung weitgehend giinstig beeinflussen*-’*. 

Bei dieser Strahlentherapie wird zweekmassigerweise so vorgegangen, dass zu- 
nachst bei den Patienten dcr Erythem-Schwellenwert bestimmt wird. Die ersten 
Bestrahlungcn werden dann so dosiert, dass man etwa 10 % unterhalb der Erythcm- 
dosis bleibt. Es kdnnen dabei sowohl Ganzkilrpc'rb^jstrahlungen wie Oberkorperbe- 
strahlungen vorgenommen werden. Bei beiden BestraJilungsverordnungen ist jedoch 
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slots darauf zu achten, dass der Kopf wcitgohcnd olmc Strahlonciiiwirkung bleibt. Es 
hallo sich gezeigt, dass bei besondors strahlungsempfindlichon Patienten die Bestrah- 
lung dos Kopfes zu Sohockwirkungcn fiihren kann. Anilororseits ist eino spezifische 
Wirkung der Strahlung auf tlas VNS slots gegobon, auoli wenn nur dor Oberkbrpor 
alloin bostralilt wird, sodass man also zwookuiiissigorweiso, wio bcToits botont, slots 
boi alien Patienten wiilirond der Bostralilung don Kopf abdocken solltc. Dio Bestrah- 
hmgori u’ordon im allgomoinen jodon /Avoilon Tag vorgonommen, wobei nnl fort- 
sohroitondor Boliandlung die Bc'strahlungsdosis langsam erhdlit vvonlon kann. Da 
jodoch nicht wio boi don Bostraldungen zur Erzeiigung eint's UV-Erytlioms oine 



2 jL 

KurUqe 6 8 11 13 15 16 20 22 24 2627 20 32 34 36 30 41 

Vegetative L^bilitat: - - - ♦ — - - - - 

Regulatiopwiaii'^^eii - - ~ 4’4> 4^- 

Abi). 3. AiidcTung dcs Minulfiivoluiiu*ns ini Vcrlauf «*i!icr K(irl>cbanLllung niit UV IR. 


.illmaliliche Erlioliung dos Schwollonwortos iinftritt, muss boi don kombiniorton IJV \- 
lU-Hostrahlungon nicht unbodingt mit fortsohroitcMidor Bohandluiif^sdamT die Dosis 
orlir»hl \v(Tdi»n. Dio Rostndilunf^on k<)nnon im allf^emoinon wochonlang dun hf^ofiihrt 
vvcTdon, ohno dass stdroruh' B(‘gloitorsohc*inungon auftndtMi. Mindostt^ns bildon solohe 
Strn ungon die grosse Aiisnahmo. 

Untorsueluingon an oinom gnisscren Krankengut zusammon mit W. Amoluiig 
habon dios auf bn^itostor Basis bostiitigt. Dio Abb. 3 zoigt die Andoii ag dos Minuton- 
N'oluinons irn Vorlaiif oiner Kurb('liandlung niit ITV f IR. Abb. 4 gibt dio Andorung 
dor andoron Kreislaufworto; Elastischer Widerstand li\ poriphoror Widorstand IE, 
dor Pulsfrcquonz sowic^ dos Quotionton /s'/H' beim gloichcm Pationton an. Das Zu- 
slandokominon dor Kritorion fiir “vogotativt* Labilitaf' iind “K(‘gulationsfahigkcit’* 
wird im niichsten Absatz orlautort word(*n. Mit Hilfe d(T objc'ktivon Mossung dor 
Kroislaufwcrte und deron Anderungeii n«'ich oiner langcren Strahlonboliandlung lasscn 
sich ('xakte Aussagen iilxT don Vorlauf einer Kurb(*handlung od(T oines Auhmthalts 
in oinom Sanatorium bezw. einer l\linik machen. Daboi zeigto sich stots, dass sowohl 
vegetath’ labile Patienten wie auch solche mit vegetativen Dystunktionen in posi- 
tively Sinne auf die kombinierte UV -f- IR-Bestralilung ansnrachen. 

Neben der therapeutischen Strahlenbehandlung iiK^besonden^ der veg(;tativen Dy.s- 
rcgulationen konnte der Strahlenroiz mit UV -f- IR auch in einom objc‘ktiven Tost zur 
Erfassung der momentanen vegetativtm Regulationslage benutzt werden'® Durch 
oinen Strahlenroiz von 4 Min Dauer mit einer Osram-Ultravitalux-Lampe in i m 
Abstand auf den Oberkdrper werden vegetative Kegulationsvorgange ausgcldst. Diese 
Eunktionen spiegeln sich in den Anderungen der Kreislaufwerte wieder. Vergleicht 
man die Kreislaufwerte vor (a, Abb. 5.) und direkt nach dem Strahlenreiz (b. Abb. 5), 
so lasst sich daraus zunachst der Labilitatszustand des VNS beurteilen. Werden dann 
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noch die Kreislaufwertc nach cincr Erholungsphase lo Min ncich Endc des Strahlungs 
reizes (c, Abb. 5) als Kriterium herangezogen, so lassen sich gleiclizeitig Aussagen iiber 
die Regulationsfiihigkeit bezw. Kompensationsfjihigkeit machen. Die Abb. 5 zeigt 
schematisch die verse-hicidenen Mdglichkeiten aiif, die .sich bei einetn solchen I'est 
ergeben kdnnen. 
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Vegetative LabiliUt: - 

Regulation sfbhigheit: - 


Abb. 4. Andcrunj' clcs MinutcMivoluincns pori])lR*M!n Wick rstan des (W), des ola.stiscben 

\Vidcrstande.s (!£') und des Qiujtiontcn li'/W sowic dor l'roc|u(Mij5 (fr.) im Laufi? t*intT Kurbo' 

l\andlun}3f. 



Abb, 5. Tcstboispiele zur Bourteilung dor “ vegotati von Labilitat* ’ und der “ Regulationsfahigkeil' ’ . 
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Zunachst kann folgeiidiT Fall ('introton. dass dcT Patit'iil nach einem Strahlcnreiz 
von 4 Min zunachst in seinen Kreishuifwcrten sich stark veriindert nnd z.H. das 
MiniitcnvoluiTK'ii von etwa 5 I aiif 7 8 1 anslcigon kann, worauf os nach oiner 
Erholunf<sphasc von otwa 10 Min. wiedor etwa den altt‘n Wort oinnimmt (I). 

Zwoitens bostoht die Mdglichk<'il. dass znn.K’hst obonfalls cine starko l^rimarroak- 
tion aiif d(*n Strahl(*nroiz oinsot/.t, dann abtT nach dor Frholiini^spha^o nicht in fioj^on- 
n‘;<ulativoin Sinno eino Kompensation stattfindot bis wi(‘di>r in die Hdlu* dos Ausgan|;^s- 
\v('rtos. sondorn die Andorung dos Kroislaufwcitos in Kiihtung dor Primiirreaktion 
woitor fortschroitot (11). Dio Kn'islaufwtTto (z.B. das Miniitonvohiinon) krunien sich 
Ini d*'r Primarreaktion orh<)hon odiT abtallon. Ini 11. Hoispied wurdo dor h'all oinor 
lirlirihnng angonointnon. 

Drittons kann die* VTgotatixe; Lago so stabil soin, tki'^s aid (mik'ii Strahlonroiz bin 
kainn idno Andorung dor KroislanfwtTtc, in unsi‘rt‘in hallo dos Miniit<*nvohiin('iis 
cintrilt, wio du*s dor Fall 111 doniojistriort. Im hall 111 ist allordings zii boachton, dass 
hoi h'xlnMiiworton os sich auch hiorboi manchmal nin idn Krstarron ilos regulativen 
Sysloins handoln kann. Solcho hTdlo siiul, wio iin.s(*ro Frfahniiy^on gozidgl habon, 
thorapt'utisch oft auch sidir schwor anzugohon, Moist miisson solcho Porsoni'ii erst 
durch oin(' Art Sohockthorapio aus dii»sor Frstarrung gohist wordtai. 

Insgi'sanit gosohon oV^v Ik n also, wio dioso Bois])iolo zoigton, sol(*ht‘ P>('lastungst(*sts 
niit (loin Strahl(‘nrt‘iz guto Finblic'ko in das rogulativ(‘ Sysli'in. Knlschoidond hoi 
di(‘sor T('slung ist, dass fiir di(‘son Tc'streiz (k()mbini(‘rto V\ ! 1 K-Strahlung) selbst 
nach wocluailangon T('stung(*n nicmals (duo (lowfilinung idngotrcdon ist. lis ist dies 
('ino N'oraiissotzung, die hoi .sonstigon Boiastungsi)ru*'»mg(Mi s(‘llon orfi'illt ist. Moist 
tritt nach (dnigor Zoit oino (h'wiitinung oin, (li(‘ das ICrgobnis soIcIht 'rt‘stnngon dann 
»‘twas fraglich orscheinon !:tsst. 

Dio Dntorsuchungi'n /(dgton. wio ich glaulx' hior zusaniinonfass(‘n(l noch oininal 
botomn zu dhrfon, dass (lurch dio Kornbinationswirkung von zwoi Sp(*ktralbor(dch(*n, 
rV unttT nnd IK iibor jooo nin, spozifischo Wirkung('T) .oif das vc'gotativo 

X('rvon.systoin au.szuiibon sind, dio doin Klinikor viidkdcht oino non Mothodi* in dio 
Hand g(dK*n, init goriiigst(‘rn Aufwaiid auf das norviis-huinoralo Sysoan oinzuwirken. 
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Scanning movements of the stalked compound eyes in crustaceans 

of the order Stomatopoda 

Mantis shrimps prowl over the ocean bottom along many of the world's coasts. These 
stomatopod crustaceans are active, firm bodied, powerful predators, ready for offense 
or defens(; with a folded, raptorial, second pair of thoracic legs, which suggest tla- 
prehensile first pair of legs on a praying mantis insect. Some stomatopods attain a 
body length of 30 cm, and can inflict a serious wound if handled or molested. 

The stalked eyes of mantis shrimps have proved interesting for their ommatidia' '■ 
and for their nervous connections' -^.lo 13 ]iving animals, however, seem so 

visually aware of their unnatural surroundings in the laboratory' that studies of their 
reactions to stimuli'^ must be interpreted with special care. 

Working with SquiUa muntis from the Mediterranean Sea at Naples, Dernoll's 
showed the presence of both a binocular fi<;ld of vit'w and also a monocular stereost . py. 
By sectioning a compound eye and examining the orientation of the* individual 
ommatidia, Demoll accounted for Hk; pattern of pseudopupils e\’ident in the living 
eyes from various directions. SquiUa responds differently to objects brought into its 
visual field from in front, from the side, and from above. The snatching response is 
most obviously related to objects above and in front of the stomatopod. 

Schaller'® found that illumination of SquiUu mmiis at any intensity higher than 
100 lux inhibits feeding respon.ses, and concluded that the locating and capturing of 
prey depends upon a combination of optical, tac.tile and chemical stimuli. Bolwig'** 
tested Gonodactylus glabrous from the Indian Ocean near Louren(^o Manjues, Mozam- 
bique, and concluded that a negative response to light of daytime intensity, cou])U'd 
with a positive response to body contact along lateral and ventral surfaces, serves to 
trap the animals under stones and other objects on the bottom through all hours of 
sunshine. 

From examination of pre.served material of ■ '»veral genera of stomatopod crusta- 
ceans, it became clear to us that the somewhat cylindrical compound eyes of SquiUa 
(Figs. 1-2, 4 6) are very different from the more egg-shaped eyes of other genera, such 
as Gonodactylus (Figs. 7 g) and PscudosquiUa (Figs. lo-ri). We- therefore wished to 
compare living material belonging to these genera, and to observe in particular the 
pseudopupils while the animals were responding to stimulus objects near by. 

M.\TERIALS 

Through the kindness of Dr. Carl N. Shuster, Jr., we were able to study specimens of 
SquiUa empusa collected at the Marine laboratories of the University of Delaware. 
Living representatives of Gonodactylus and Pseudosquilla were encountered in shore 
waters of Bimini island in the Bahamas, near the Lerner Marine Laboratory of the 
American Museum of Natural History, where research facilities were generously made 
available to us. We are particularly grateful to the staff for making our short stay 
Bimini so productive. 

The Gonodactylus were removed from the cavities of the loggerhead sponge in 
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wlijcli they hide during the day ; each spt'ciinen was a clear, chlorophyll-green, almost 
without markings, but with brown e\’es which did not change color with light and 
dark adaptation. The Pseudosqiiilla were captured running freely on the bottom in 
late afternoon; each specimen was greenish black, handsomely flecked with white 
chromatophores even on the dark brown eye.s. 



I. Squilla, dorsal view of Iht* ocular plate and associated struLtures, the animal facing the 
botttmi of the pag<'. h'ig. 2. Squilla, same structures as in h'ig. r, sc'cn from the right side. Fig. 3. 
rile binocular fit‘ld anterior to Squilla (after Demoll). Fig. Squilla, appearance of pscnidopupils 
from ]>ositions directly ahead of the animal and in the same liori/.ontal plane' (aftc'r Di'inoll). Fig. 3. 
Squilla, appearance' of pseiulopnpils from dirc'ctly alic'ad and about 20 degrc*es above* the? hori- 
7ontal plane (after Demoll). I'ig o .SV/fc///rt, appc'arance of ♦'a* pseudopiipils from 55 degrc'cs to 
the left of thc' animal’s eyes in the horizontal plane, and hence* beyond the field of view of the right 

compound c've (aftc'r Demoll). 

RESULTS 

Demon’s findings with Squilla mantis from the Meditt'rraru'ard^ fippl.v well to Squilla 
vmpusa from Delaware Bay (higs. i -6). But in hotii (wonodactylus ...id Psntdosquilla, 
W(‘ were astonished In' the almost continual activity of the stalk(*d eyevs. These organs 
arista, as in the more generalized decapods, from an ocular jilate. In stomatopods, 
however, the sclerotized portion {'"calathus') of each eyestalk is attached by a very 
slender ncek, differing greatly from the broad attachment st^en in shrimps, crayfishes 
and crabs. The slenderness of the neck to tlu' calathus permits the eyestalk to be 
swiveled more freely, and also allows it to rotate extensively --- through perhaps 200 
degrees- on its longitudinal axis. In addition, the ocular plate itself is remarkably 
flexible and undergoes nodding and swinging mov'ements which add to the freedom 
with which thc animal can change the position of its compound eyes. 

Rotator muscles for the calathus are present in stomatopods. Mus. les with this 
function have been described for the whiter shrimp Penaena seliferus^'^^'^^ , but not in 
other decapods such as the crayfishes AsUicns and Cambarus, the blue crab Callinectes, 
or the shrimp Pandalm. 

In Conodactylus, the rostral spine provides a landmark (Fig. 7) against which the 
movemen^ts of the eyes can be judged. Often the animal twists them to a position in 
which the axes of the eyestalk^ are parallel but at an angle of 45 degrees to the body 
axis, to right or left. In Pseudosqiiilla, this is less obvious, although comparable move- 
ments are made. 


References p. 42^1^26 



424 


L. J. MILNE, M. MILNE 


Both Gonodactylus and PseudosquiUa ase the rotational possibilities of their eye- 
stalks to aim at any object of special interest a definite band of ommatidia which 
separates the compound eye into a right and a left half of almost identical proportions 
(Figs. 7, 9). Due to the orientation of the ommatidia in the band and in adjacent 
areas, three distinct pseudopupils appear simultaneously in each compound eye (Fig. 
q) when it is aimed at an observer. 


GONODACTYLUS 



Fig. 7. Gonodactylus, dorsal view of ocular plate and associated structures, the animal facing the 
bottom of the page. Fig. 8. Gonodactylus, same structures as in h'ig. 7, seen from the riglit side. 
Fig. 9. Gonodactylus, pseudopupils scon from the position toward which the animal aims its 
movable eye (A), and from slightly posterior to this position (B). Fig. 10. PseudosquiUa, dorsal 
view of eyestalks and rostrum, which conceals the ocular plate from above, h'ig. 11. Pseudo- 
squilla, same structures as in Fig. 10, seen from the right side. 


By swinging and rotating the calathus for monocular or binocular viewing of a 
stimulus object, representatives of both genera vill follow the position of a finger 
moving above the water surface or beside the transparent wall of a small aquarium in 
which they are creeping. When uastimulated, they employ the same movements to 
direct the band of ommatidia at objects on the bottom, and appear able to distingui.sh 
between non-food and food particles in this way. Only the latter lead to unfolding of 
the raptorial legs. Often the inspection of a sedentary worm or a stationary amphipod 
crustacean is carried on at extremely close range, as though the stomatopod were 
nearsighted and peering at details in order to comprehend the whole. 

'Each band is a narrow zone, six to seven ommatidia wide, in which the facets are 
slightly larger than those of ommatidia elsewhere in the eye. The ommatidia in the 
band are also shallower, and their axes more nearly parallel. Ommatidia beyond the 
band have smaller facets and usually more divergent axes, an exception to this being 
rather far back on each eye where the pseudopupil tends to become a transverse band 
(Fig. qB). 

All ommatidia we have seen in Squilla, PseudosquiUa and Gonodactylus are hexa- 
gonal, not square-facetted as stated by Gottsche’. 
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DISCUSSION 

Ommatidia in the longitudinal band of the compound (‘yes of Pscudosqnilla and 
(ionodactyhtx seemingly correspond to the few in the slight angle between the two 
convex portions of the Squilla eye. The pseudopupils of SquiUa are normally in a 
v('rtical line, whereas those of Gomdaclylus and Pscudosqnilla occupy this position 
only for objects at the side of the animal. 'Phe band ommatidia of Gomdaclylus and 
Pscudosqnilla are directed at objects of interest in a way that suggests the eye move- 
ments by means of which a vertelirate animal brings an imag(‘ to the fovtia for 
s])ccial study. 

This analogy is misleading, however. The wrlebrate fovea is a region of compara- 
tively low stmsitivity and high acuity. The stomatopod band ommatidia have* relatively 
large facets, greater light-admitting power, lower numerical aperture, very slight 
divergence of axes, and corresjxindingly jworer nsolution of details that could be 
passed to the central nervous system as ('ontributions toward a vi.sual mosaic. By 
oscillations of the calaihus, the mantis shrimp may utilizA- the off-resj'onse in the band 
ommatidia to detect boundaries in a target. Hut for gaining any useful jiicture of 
form, it s(‘('ins plausible that the ommatidia beyond the band analogous to the 
receptor units in tla; vertebrate peripheral field are the ones more suitable. 

In Squilla, the two compound eyes are used simultaiu'ously in relation to a binoc- 
ular field below, in front of and above the animal. Di'inolP ’ regarded this as .suffi- 
ci(“ntly definite to be worth jilotting (Fig. 3). Both Goiwdactvliis and Pscudosquilla, by 
contrast, employ their compound eyes independently more often than together, and 
the monocular stereoscopic effect app(*ars to la* of greaicr significance. 

The scanning movements of the compound eyi's in Gonodactylus and Pscudosquilla 
appear to be a counterpart of the head-swinging activities of nun moth caterpilliirs'’* 
and the '‘hunting” actions of desert locusts-*®. They could be importiint also in k<;eping 
the central nervous .system provided with a dyntimic pictun* of the environment, and 
be analogous to the micronystagmus which is essi‘n*^i d for our o»*,i apiirecitition of 
non-moving objects-*. In a simpler way tluiy may take the place of the four-channel 
information system with which a frog distinguishes an insect against a distracting, 
moving background-'^. 

Mantis shrimps give an impre.ssion of being far more alert than any lobster or 
crayfish, and at least as aware of their acjuatic surroundings as the partiallj’ terrestrial 
ghost crab Ocypoda is of events in air. Some stomatopods demonstrate an additional 
possibility in movable stalked c}‘es, and may well jirove to be the arthropods capable 
of a high degree of learning, perhaps comparable to that of cephalojXKl mollusks. On 
the basis of our experiences with Gonodactylus and Pscudosquilla . w*‘ would recommend 
them_ as particularly interesting subjects for new studies of animal bi'havior related 
to visual stimuli. 

Univ. of Nat) Hampshire, Durham, N.H. (U.S.A.)and Lerner Louus J. Milne 
Murin'" Laboratory, Bimini, Bahamas (British West Indies) Margery Milne 
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The relation of the frog*s eye light-ERG and the X-ray-ERG 

It is suggested that visUile light and X-rays have an analogous effect on the retina. 
It was therefore possible to take an clectro-retinogram from an isolated dark-adapted 
frog eye after irradiation with X-rays. This EK(/ has the same shape as a normal 
light ERG (Fig. i). 



The X-ray dose used here was 27 R/sec, the voltage «)f the X-ray generator was 
45 kV and the stimulation time was 5 sec. Do.ses as l(>w as 3 R/scc also produce an 
?)onve\.\mes we only recorded the "on” rea^yonsje, 6.^. \n ■&. case where 
■Ctw shmu’iation cycle was 2 sec “on’’ and 5 sec ‘ofl’’. Atienlion may be directed tu 
the decrease of the amplitudes of the waves during tlie su' •cv‘'.si vc stimulations — tlii' 
decrease may probably be attributed to an injurious of t!ie X-rays. It is “th' 

fatiguing effect of X-rays, as it is called by Lipetz* md is a difference between th' 
effect of X-rays and of visible light. If the periods betveen two stimulations arc on. 
minute or more, the fatiguing effect’’ is not present. The araplitu(le.s (lie waves 
do not change in this case and it is possible that one minute is the time for complete 
recovery. With intervals under one minute the amplitudes always .succes.sively 
decrease until a certain minimal value has been reached. We never observed u 
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complete disappearance of the amplitudes, not even if we used a stimulation cycle of 
one second "on” and one second “off”. In this case the amplitudes are all of the same 
height -with the exception of the first which is tnucfi higher. A possible explanaition of 
this fact may he that immediately after the first radiation dose an equilibri\im is set 
up between “the fatiguing effect” and its recovery. 

\Mien this equilibrium has been reached a new do.se of X-rays is incai)able of cau.sing 
a further decrease. If at this juncture a constant illumination with visible light from 
a minimal intensity is commenced, a further decrea.se of the amplitudes is oI)ser\’ecl. 
This means that visible light lowers the re.sponsivene.ss of the eye to X-rays. The 
reverse is also true: X-rays diminish the responsiveness of the, eye to visible light, in 
other words, irradiation with X-rays during the registration of a light-ERG decreases 
the amplitudes of this ERG. 

These two facts, the lowering influence of light on the X-ray-EF'lG and the effect 
of X-ra>'s on the light-ERG support the hypothesis that visible light and X-rays 
affect the visual .sy.stem in the same way. by the energization of visual purple. 
The nature, of “the fatiguing effect” is not yet clear. Lipc-’/d suggests denaturation of 
the proteins of the visual purple by the X-rays. It is known that X-rays ])roduc«' 
ionization throughout the retina and this would be another i)ossibility for the lower- 
ing effect ; tiouv\ er, we should like to ])oint out a third j)0ssible cause. Oe Robertis and 
P'ranchis found subcellular vesicles in synapses of the retina and these are consid<*red 
to be carriers of neurotransmittersid)stances. We had concluded from other iiu'esti- 
gations that X-rays probably disnipt these vesicles. If this were also the cas<> in X-ray 
irradiation of the cyi*, it would lead to reduced conduction of tlu^ impulse's and this in 
turn to a diminishing of the responsiveness of the eye. However, further work is 
necessary before th(' precise mcchani.sm can be elucidated. 

Labomlory of Radio piitlwUigy, T. S. Vkninga 

Stale University, Uroningen (The Selherlands) 

^ I-. lAViiii, Radiation Research, z (k).55) 

1 C. i)E Kobertis ANnC'. M. FRANCHi/y. Biophvs. Riochem. Cytol., 2 (195^) 3 *> 7 * 



The structure and function of arthropod eyes 


Nocturnal insects and Crustacea have superposition eyes, which according to the 
classical descriptions of Exner, form, in the dark adapted condition, a single supt?rpo- 
sition image by the combined Jiction of many adjacent ommatidia. By cutting the 
distal portion of the eye from the retina and substituting a clear litpiid in tlie dislnl 
segment for the “Glaskdrper** of the ommatidia (the “(ilaskiirper*’ consisting of retinal 
pigment cells and the crystalline stalk) Kxner readily observed the supcTposition 
image in Lampyris and presumed similarly constructed eyes perfornu‘d in like manner. 
Other eyes could not be tested by observation because lens components wi*re not fusi'd 
as in Lampyris and disintegrated on cutting into the e\'0. 

By cjuick- freezing arthropod eyes in lupiid nitrogen, the diopteric ai)p.iratus can 
be sectioned from the retinal elenu'iits and attached to a coverglass so that all the* 
elements of tlie diopteric portion retain their prop(M* position. After thawing, micro- 
scopic observation reveals image formation by the tlistal portion of thi* ommatidia. 

Such sections were made of tlu' light and dark adaptc^d eye>» uf the crayfish Or- 
conectes virilis and Orconcctcs immunis but none showed a suptTposit a n imagi*. Light 
or dark adapted eyes did not ai)pear to show an\’ difference in imag«.‘ formation. 
Fixed and .stained sagittal sections of Orconecles eyes showed an average div ergimce of 
adjacent ommatidial axes in mid-eye region of 45'. The measured breadth of the 
visual field as observed through a single. ommatidiiirn was 'nm at 20 cm distance 
which repre.sents a vi.sual angle of (/ i'. As a measure of obserscMl visual acuity, a 
figine of I mm width at 20 cm distance from tlie eye si'ction (subtinuling an angle of 
17') was distinguishable. 

The image of a single object (a figure 2 mm wide at 20 cm) wlum seen through the 
hemispherical segment of tlu^ e\H' of Oramcctes appears repi'ated in .1 circular field of 
adjacent ommatidia. An a\HTagi‘ of 15 lineally adjacx'iit ommatidia will form th(‘ same 
image howe\x'r slightly laterally displaced in eacli one. As tlu* maximal retinular 
width is only 2/3 the width of an ommatidiu.*'. at ndir-al hncl, we may a.ssume that 
only ten central lineally adjacent ommatidia v-an read to rlu same stimulus. This 
olxservation would indicate an effective visual angle for cadi MriJiiatidium of ajjproxi- 
mately 20'' 40'. Why this calculated visual angle should be d*v.'ble tlie measured visual 
angle is unresolved. 

The eye of a lampyrid, Photnris versicolor, was siir.ila: ly *iUicklrozen, sectioned, and 
prepared for microscopic observation. Again no nouce.'ble difference appeared in 
image formation in light and dark adapted cye.^. Unlike Ononates, a clear superposi- 
tion image was formed, but at a hivel behind (proximal to) tln' level at which the retina 
would have been. Average corneal-retinal distance measured in fixed material was 
285 ft (with extremes at 171 // and 410 //), The average distance from cornea to 
superposition image was 355 fi (with extremes at 251 /t and 533//) . The best preparation 
showed the superposition image at the maximum distance from the cornea. The 
average distance between retinal level and .superposition image was 70 which 
representt'd about 25% of the average corneal-retinal distance. 
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Some Photuris eyes were prepared after the method of Exner by removal of the 
‘•(ilaskdrper’* and pigments and the substitution of fluids with indices of refraction 
from i.o to 1.35 and as he observed a sui)erposition imuge was formed. The average 
corneal-superposition image distance was in these rases 335 //. If glycerine 
was substituted for the ‘'Glaskdrper” nr. superposition image was formed. 

The angle of divergence of adjacent ommatidial ax(‘s in Phohtrh was computed 
from fixc'd material to be i ' 45'. The field of vision as obser\'ed and measured through 
a singh' ommatidium was i' (18 mm width at 20 cm distance). At this same distance 
an object 1 mm wide can be clearly discerned. In good sections 4 or 5 lineally adjacent 
onimatidia produce identical images indicating a computed field of vision for each 
ommatidium of S'" 5'. If only 2/3 of each visual field strikes th(‘ retinular area, the 
effective visual field would be 5^ 45' which compares favorably with the direct 
ineasunMiient notc^d above. 

'riu'se ol>servations suggest that x i.sion in tlu' C()m])ound superposition eye does not 
cle})cnd upon the formation of a superposition image; it does not “.see" the surround- 
ing environment as a mosaic composed of coarse* light ai'd dark dots as lias been 
frecpu'ntly di'scribed. structural arrangement of adjacent ommatidia with i)artial 
ox'erlapping of their fields of vic'w may be an evolutionary development permitting a 
more sensiti\<i> TlN-i » i nnu^nt of movement in the environment. Tht* inability of the bee 
to differentiate between c(*rtain figures which are most obviously different to us 
would indicate that the receptor and interpretative portion of the arthropod (*ye has 
(*\olved with objectives othiT than those fpiiml in thi* vtTtebrate eye. Inirther studies 
on image formation with respect to the (‘xcitation of retinular cells in ont* and in 
adjacent ommatidia and a study of the j)att(*rns of distribution of reticular cell 
projection fibers in the optic ganglia would aid in clarifying the naturi* of vision in 
compound (wes. 

Department nj Rudolph V. Nunnemachek 

(lark University, Worcester, Mass. ( U.S.A.) 


Hemmung der Photosensibilisation am Kaninchenohr 


Vide Lichtdcrmato.sen des Men.schen berulK'n auf ein(*r photodynarnischmi Reaktion; 
si(' sind dann ursachlich zai heilen, wenn der St*nsibilisator erkannt und eliminiert 
wird. Leider gelingt diese causale Thcrapie nur bi*i wenigen Kranken. Es ist deshalb 
erforderlich, cine wirksame symptomatisclu' Behandlung zai finden, mit der die photo- 
dynamische Reaktion an der Haut unterdriickt werdim kann. Zu diesern Zwceke fuhr- 
ten wir an Kaninchen folgende Photo.sensibili.sationsversuche durch: 

An den geschorenen Aiissenscitcn bcider Ohrspitzen injizierten wir intracutan je 
0.5 cem Hamatoporphyrinlosung (Fertigpraparat Photodyn der Nordmarkwerke 
Hamburg). 45 Min. spiiter wurden die Ohrspitzen 15 Min. lang mit dem UVA und 
sichtbaren Licht einer Kohlenbogen- bezw. Xenonhochdrucklampe aus 40 cm Ab- 
stand bestrahlt. Die Lichtsensibilisation zeigte sich schon 3-4 St unden danacli mit 
zunehmendem Erythem und starkem Odem, wclche nach 24 Stunden das gesamte 
Ohr einnahmen. Am Ort der stiirksten photodynamischen Reaktion, am Quaddelareal, 
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entwiokelte sich nach 3-4 Tagen eine Hautnokrose, die manchmal sogar zur Perfora- 
tion des Ohres fiihrte. 

Da die photodynamisdie Reaktion nach Straub nur in Gegenwart von Sauorstoff 
stattfinden soli, wurde der Einfluss eines temporaren Sauerstoffmangcls anf die 
Photosensibilisation der Kaninchenhaut uberpriift. Dazu untorbrachen wir die Blut- 
zirkulation fiir 75 Min. an einem Olir duroh Koniprcssion der Blutgcfas.se an der Ohr- 
wurzel mit Hilfe eincr gepolsterten Darmquetschc und zwar vor und wahrend, — in 
einer weiteren Versuchsreihe wahrend und nach der provozierenden Bestrahlung. Am 
anderen Ohr blieb die Blutzirkulation dagegen frei. Es zeigte sich danach am Abiauf 
dcr Lichtentzundung, an der Grdsse dcs Nekrosebezirkes und der Perforation des 
Ohres ein deutlicher Unterscliied zwischen abgeklemmtem und nicht abgeklemmtem 
Ohr. War die Blutzirkulation wahrend und nach der Bestrahlung fiir 75 Min. unter- 
brochen worden, stellten sich nur gcringc Schaden ein. Die Ischiimie vor und wahrend 
der Bestrahlung intensivierte dagegen die Lichtsensibilisation. 

In weiteren Vcrsuchsreihen wurde der Einfluss von reduziorenden Substanzen auf 
die photodynamisdie Reaktion im Rechts-links-Versucham Kaninchenohrausgetestet. 
Wir versuchten damit, die Photooxydation, bei welcher ia gcweb.s.schadigende Pero- 
xyde entstehen, zu heramen. Nach der Injektion von 0.5 g Ascorbinsaun- in die 
Zentralarterie des einen Ohres unmittelbar vor der provozierenden Bestrahlung lief 
die Lichtentzundung an beiden Ohren jedoch gleich stark ab. Ebentalli- war der Effekt 
von 0.2 g Cystein-Hydrochlorid intraarteriell unmittelbar vor der P-'strahlung nicht 
iiberzeugend. Dagegen wurde die Photosensibilisation durch o.i g Cystein — auf 
Gewebs-pH abgepuffert und unter das Quaddelareal injiziert -deutlich vermindert. 
Eine auffallend starke Hemmung der Lichtentzundung trat clann ein, wenn wir das 
Areal der Porphyrinquaddel und seine Umgebung an drci aiifoinandci;, folgenden 
Tagen tiiglich einmal mit 125 mg Dithioglycerin einrieben und erst danach bestrahl- 
ten. Das dlige Losungsmittel des Bal iibte dieses Effekt nicht aus. Die intraarterielle 
Injektion von 0.2 g Nikotinsaureamid, welches ja schon seit Jaliren zur Behandlung 
von Lichterkrankungen dcs Menschen verwendet wird, schwachve die Lichtsensibili- 
sation ebenfalls — wenn auch geringer a Is Bal — ab. 

Den starksten Hemrneffekt auf die Lichtsentziindung iibte jedoch, nach unseren 
bisherigen Untersuchungen, das Calcium-Nat"iumsalz der Aethylendiamintctraessig- 
siiure bei intraarterieller Injektion von 0.2 g a-is. Hieidurch wurden nicht nur die 
nach der Lichtentzundung hlcihenden Hautschoden, sondern auch schou die ent- 
zundlichen Symptome derselben, das Erythem urd Odem, ijberzeugend gemindert. 
Parallel laufende Versuche mit intraarteriellen injektionen entsprcchender Do.sen von 
anderen Calciumsalzen wie Calciumgluconat, — chlorid und Calcmmthiosulfat iibten 
diesen Effekt nicht aus. Das Calcium-Natrium-EDTA hat sich auch bei der Therapie 
von Lichtsiinsf derma tosen, aber nicht bei Lichtallergien des Menschen alien 
anderen Calciumpraparaten und weiteren von uns erprobten inneren Medikamenten 
als iiberlegen gezeigt. 

Wir haben hier nicht die Zeit, den moglichen Mechanismus zu diskutieren, wie die 
von uns im Kaninchenversuch ausgetesteten Substanzen die photodynamische Reak- 
tion beeinflussen. Es soli das einer spateren ausfuhrlichen Publikation vorbehalten 
bleiben. 


Universitdts-Hauiklinik, Jena (Deutschland) 


H. Langhof 
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Natural photodynamic sensitivity in Tubifex 

In IQ55 Munro Fox and Taylor^ doscribod the hypersensitivity of the worm Tubifex 
tubifex to high oxygen concentrations. This aquatic worm lives naturally in the dark 
under hypoxic conditions. Increasing the oxygen supply kills the animal in a few 
days. The living in the dark combined with hypoxia suggested to us a hypersensitivity 
to light irradiation and this has been the subject of our study. For irradiation we used 
a sup(‘r-high-pr(\ssure mercury lamp (Osram HBO 200) fitted in a reflector-house 
with a cond(‘nser lens in order to obtain a beam of high intensity. 'I'he worms were put 
into a perspex box with an arrangement to equilibrate the water with different gases. 
W hen thi‘ water containing the worms was equilibrated with pun* oxygen, irradiation 
ol the animals <'aused death in about three minutes. The beginning of the damage 
( ould b(* observed as an instantaneous increa.se of the motilitv of the worms gradually 
followed hy an irreversible immobility. About 30 min after the irradiation lysis of the 
dead worms started, colouring the surrounding water yellow-brown. We carried 
out some contitjVxperiments to ensure that it was not the heat of the lamp which 
killi'd the worms. 

Wli(*n the worms were irradiat(‘d under anoxic conditions by etiuilibrating the water 
with nitrog(*n the irradiation had no visible damaging effect. The motility slightly 
increased but at the time that irradidtion under hyperoxic conditions would have 
('ausi‘d a 100% mortality all the worms were undoubtedly living. (Figs, i and 2). 



log. I. Tubifex at the start of irradiation. I-cft compartment: nitrogen equilibrium; right 

compartment: oxygen equilibrium. 
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This oxygen effect strongly suggests a photodynamic action and the presence of 
fluorescent substances. As early as 1913 Zielinska^ described the presence of fluore.'^.- 
cent substances in analogous animals e.g. Eysonia. In extracts of homogenated worms 
and in the living worm with U.V. microscopy we could detect a blue fluorescent sub- 
stance but we did not analyse it. 



Fig. z. Tubifex i h aflor the end of irradiation. The worms in the nitrogen com])artnient (left) are 
quite normal, while those in the oxygen cotnpartment (right) are d.-ad and already show lysis, 

colouring the water with their pigments. 


Using filters in the light beam we found that "killing” wavelengths were in the 
region of 630 mfi and of 3()0 m/i in the long wave U.V. Possibly short-wave U.V. is 
still more effective. 

The sensitivity of T ubifex for ionizing radiation is amazingly .small in comparison to 
that for visible and U.V. light. X-ray irradiation with doses up to 40,000 R had abso- 
lutely no effect on the worms. It is possible to protect thc.se animals against light 
irradiation by substances which are known to be chemical protectors against ionizing 
irradiation e.g. cystcamin, and protectors against oxygen poisoning e.g. cobalto and 
mangano salts’^. 

Radiopathological Institute, H. B. Lamberts 

University of Groningen (The Netherlands) 


A H. Munro Fox and A. K. R. Taylor, Proc. Roy. Soc. Ser. B, 143 (1959) 214. 

* Janina ZiJiLiNSKA, Htdl. intern, acad. polon. set., Classe sci. math! nat. Ser. B, (1913) 51 1. 
® F. Dickens, Biochem. J., (1946) 145. 
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UV-Wirkung auf Pandorina morum in Abhangigkeit vom 
Entwicklungsalter 

Fiir die Ijiitersuchurif? der biologischen Wirkuiig ultraviolftter Stralilen stehen die 
Jlikroorf^anismen schon hinge Zeit ini Rliekpiinkt dt‘s Inleivsses. da ts sich boi ihnen 
uni relativ einfaeh organisiert(‘ Systeme liandelt. die zur lieobachtung des Schadi- 
gungsablaufes naeh einiT Strahleneinvvirknng besonders giil geoignet sind. 

Zahlreiche Arbeiti^n sind ersehieneii iiber die priiniin^n und seknndaren Scliadi- 
gungi’ii, dit' sie beeinfliissi*nden F'aktoren. ihre Abliiingigkeit vom spektraliMi Bt.TeicIi 
del ni'stralilimg. ubcv Mutationen usw. Einen innfassenden Cdierbliek g.ib Giese*. 

V/ahn'iid all diese verschiedcniMi (iesichtspunkte der Strahh^nwirkung intensiv 
iinlersucht \vurd(*n, blicb ein Eaktor, der die R(‘aklionen der Zelle aul U V^-Einvvirknng 
entsclii'iilend initbestimrnen kann, das Entwuklnngsstadiiiin bzw. das Zellalter, 
vorhaltnisniiissig unberiu ksiehtigt. l^ei einigen \venig(‘n Objekten hat man llntiT- 
hclnede in d(T Stfahhmempfindliehkeil in Abhangigkeit vom Entwii khnigsalter diT 
Zelle g('l'iinden.‘l-ieineiiit sind hier inimcT die Seiisibilitatsverandermigen vvilhreiul d('r 



Abb. 

1 G(*issel 

^ M ombranpapill o 
3 Basal korn 


1. Sclieina der N olvocaloszellu (verandert n. BascluT®). 


4 kontraktile Vakuolt* 7 t'ytoplasiiia 

5 Stigma 8 Zullmonibran 

6 Chloroplast y Nukleolas 


10 Zdlkern 

1 1 Pyrenoid 

1 2 Assiiiiilati<aisstarke 


Wachstumsphaso der Zelle; die grdssere Stralil nemi)findlichk<!it der Mitose ist ja 
allgcmein bekannt. Fiir die bisher beobachtetcn Sensibilitatsiinderungon wiihrend des 
Zellwachstums hat man nun eininal evtl. vorhandene Pigmente und zum anderen 
Vtianderungen des physiologischcn Zustandes der Zelle verantwortlicb gemacht- ®. 

Fiir .die hier vorliegende Untcrsuchung wurde ein Vertrcter der Volvocales, Pan- 
dorina morum, verwendet, bei dem sich diese beiden P'aktoren relativ gut voneinander 
trennen lassen. Pandorina sp. ist eine i6-zellige Kolonie, deren wichtigsten Organelle, 
in der Einzelzellc die Abb. i zeigt. Die Alge wurde unter kiinstlicher Belichtung so 
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geztichtet, dass sich die Kolonien stcts in der Nacht vom 3. zum 4. Tag teilten. Es 
standen also zu jeder Zeit Kulturen gcnau bestiminbaren Alters zur Verfugung. 

Als Bestrahlungsquelle diente ein Quccksilberhochdruokbrenner vom Typ PRK 2 
( — S450) des VEB Berliner Glvihlampenwerk mit einem UG ii-Filter (2 mm) des VEB 
Jenaer Glaswerke Schott & Gen., das das sichtbare Licht bis auf cinen kleinen Anteil 
im langwelligen Rot wegnimmt. Der Brenner wurde mit 220 V Gloichstrom betrieben. 
Die Strahlungsintensitiit betrug am Ort der Versuchsprobe stets 0.3- 10® erg/orn'^ min. 



Abb. 2. Bi'strahliingscrgc'bnisse fiir Pandorina morum mit UG i i-Filtcr (2 mm). Uic au.sg<‘ 7 .oguno 
Kurve zeigt di«! mit dem Alter ansteigendc Uncmpfindlichkcit und ihren .Abfall wahrend des 
Tcilungsgescliehcns. Die gestriclieltc Kurve zeigt den SchUdigungsgrad “Rotation am Boden”. 

Die Abb. 2 zeigt die mit dem Alter der Kolonie ansteigende Letaldo.sis und ihren 
schnellen Abfall innerhalb von ca. 2 Stunden auf den Ausgangswert wahrend der 
Mitosc. Die Schiidigung der Lokomotion der Kolonie tritt bereits bei wesentlich 
kleineren Dosen ein und ist unabhangig vom Zellalter . Die I^komvdionsstdrung aussert 
sich in einer Geschwindigkeitsabnahme der Bewegung bis die Kolonien nur noch am 
Boden rotieren und schliesslich ihre Geisselbewegung total einstellen. Eine Bewegungs- 
beschleunigung zu Beginn der Bestrahlung konnte nicht beobachtet werden. Bei 
zusatzlicher Verwendung der Filter WG 7 (2 mm), WG 6 (2 mm) oder WG 5 (2 mm) 
des VEB Jenaer Glaswerke Schott & Gen. steigt die Letaldosis so stark an, dass bei 
Verwendung des Filters WG 5 (2 mm) keine Abtiitung innerhalb von 12 Stunden 
Bestrahlungszeit zu crreichen war (Abb. 3). 

Das liisst sich dadurch crklaren, dass in der Re’hcnfolge WG 7, WG 6 und WG 5 eih 
immer grosser werdender Anteil des kurzwelligep UV abgefiltert wird, so dass sicn 
das wirksamc Bestrahlungsspektrum immer mehr vom Absorptionsmaximum der 
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Thynaonukleinsaure entfernt. Der wichtigste Erfolgsort der llV-Wirkung liegt also 
auch hier verniutlicli im Zellkem. 



Abb 3. Bi'strahlunRsorgcbnissc fiir Pandorina ntornm mit verschii’clciK'ii iMlterkombinationen. 
Die ausgozogcncn Ivurvcn zeigon die betablDsis und die g(‘slrichelti‘n den Schadignngsgrad 
“l<()tati(»n am Boden”. I. I'G 11-Filter (inim); fl, UG j i-b’ilter (2mm) WG /-Filter (2mm); 
TTT.I'Git Filter (2mm) -.f WG 6-l'ilter (2mm). 

Hei alien Filterkombinationen blieb aber der altersabhiingige Abfall der Sensibilitiit 
orhalten. HitTfiir ist nun wahrscheinlich der Chloroplast verantwortlich, der wie (;in 
optisclies Filter den Zollkern umgibt. Mit dem Wachstum der Zelle nimmt seine; 
Wandstarke und vermutlich auch die Chlorophyllkonzcntration zu. Bei dem verwen- 
(leten Versuchsobjekt wurd(; nur das Ansteigen der Wandsf.irke des Plastiden ge- 
sichert. Durch die Zunahme der Schichtdicke gelangt immer weniger wirksames UV 
zum Kern, da ja das Chlorophyll an sich schon nur si'hr gering UV durchlassig ist. 

Zusammonfassend kann also gesagt werden, dass Pandorina morum iin Laufe ihrer 
Entwicklung eine standig ansteigende Resistenz gegeniiber UV-Schiidigung am Zell- 
kem besitzt. Die Kolonie ist kurz vor der Teilung am strahlenunempfindlichsten und 
kurz danach am strahlenempfindlichsten. Dafur ist die Filterwirkung d(;s Chloro- 
plasten verantwortlich zu machen. VVahrend das energetisclie Zentmm fiir die Geissel- 
bewegung (Basalkom), das durch kein optisches Filter gcschiitzt wird, schon durch 
wesentlich klcinere Dosen altersunabhangig geschadigt wird. 

'Institut fiir Strahlenforschung, Gunter Siegel 

Humboldt Universitdt, Berlin (Deutschland) 

‘ A. C. Giesb, Physiol. Zodl., 26 (1953) i. 
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* P. S. Tang und II. Z.^Gaw, Chinese J. Physiol., ii (1937) 305- 
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Electrical responses in brain to photic stimulation* 


Of interest is the manner in which organisms respond to the activation of their photo- 
receptors. For a number of years this has been studied in animals, and several au- 
thorsi have investigated in particular the effect of photic stimulation on the 
cerebellum. Special problems occur with cerebellar recordings concerned with 
pharmacologic state of the animal as well as the methods and mechanics of recording 
responses. 

In the present experiments, except for tho.se testing certain anesthetics, surgery 
was ptirformed under ether. The skull was opened over Larsell’s’^ areas VI, VII, and 
VIII of the cerebellum and over the cerebrum in order to reach supratemtorial optic 
structures such as areas 17 and 18 of the cortex, superior colliculus, lateral geniculate, 
and optic tract or chiasm. Tracheal and femoral cannuli were placed, tljc cat was 
oriented in a stereotaxic machine and maintained on small amounts of b'laxedil with 
artificial respiration. The right eye was taped closed. The left pupil was dilated with 
several drops of atropine sulfate and the retina stimulated during tl.e ex])eriment by .a 
Grass PSa photostimulator triggered by a Grass S4 stimulator. According to manu- 
facturer’s specifications 7.5 • 10® candle jwwer was projected onto the retina. 

The electrodes used were either pointed stainless steel wire insulated (ixcept for 
exposed tips of from 2 to 10 ft or 50 to 150 or silver ball electrodes having exposed 
surfaces of about 500 ft diameter. Bccaust; of the use of differential amplification 
(common signal rejection) two electrodes were always used at once, one as recording 
"different” electrode, the other as "indifferent” electrode. There was alsrr a separate 
“ground”. Potentials picked up by the electrodes were passed through cathode- 
loaded input stages. Grass P 6 preamplifiers, visualized on Du Mont 322-A or 333 
oscilloscopes and photographed by Grass C4F cameras. The different and indifferent 
electrodes were either bound together to form bipolar electrodes with distances be- 
tween the tips of from 100 to 1000 ft in the case of microelectrofles or 400 to 1000// with 
silver ball electrodes, or the different and huh fferents were used separately as mono- 
polar electrodes at a distance from one another 

Large electrodes tend to be less discriminating than small ones, the former tending 
to record activity at a distance rather than being restricted to events in the immediate 
area. Grmparing electrodes of different sizes, it can be seen that bipolar microelec- 
trodes will show no response, or an extremely small one, while silver ball bipolars 
placed in the same area of the same animal will consistently record a response. Also, 
the placement of the indifferent electrode is x’ltal to the interpretation of results. 
Thus, in the unanesthetized animal biix)lar microelectrodes will record no response 
from the cerebellum while monopolar microelectrodes with the different on the cere- 
bellum and indifferent on bone over some optically active area will show a response. 
This response, however, is similar to that from the optically active area (area 17 in 


* This work was supported in part by a grant (O-1341,. C2 from the Institute of Neurological 
Diseases and Klindness, National Institutes of Health, U.S. Public Health Service. 
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this case) and is not from the cerebellum. In this case the indifferent really acts as the 
different. Reversal of electrode leads will reverse polarity of rc-sponsc*®. 

We have found that in cats anesthetized and maintained on Nembutal, Pentothal 
or ether no photic responst's could be recorded from the cerebellum. Failure to obtain 
photically evoked responses in essentially unanesthetized animals maintained on 
Flaxedil was shown on a series of twenty-six cats in which one recording site was 
chosen and records made before and after chloralosc. Other animals were systematical- 
ly searched both on the surface of the cerebellum and in depth with e.ssentially negative 
results before chloralosc. The areas searched wen; those reported by other workers 
as being optically active in animals treated with A-chloralo.se. Directly following 
intravenous administration of chloralose evoked potentials appeared although .several 
minutes w(;re required for them to reach maximum amplitude and stabilize. Intra- 
\-enous injection of Nembutal abolishes chloralose-induced cerebellar potentials, 
while only slightly diminishing responses of the optic cortex. It was also found that 
intravenous administration of strychnine will induce optic potentials in cerebellar 
cortex as will pentyh'netrazol. 

Simultaneous records from \'arious optically activt' areas as well as from the cere- 
bellum demonstrated the longer latency of cerebellar response. Since retinal delay 
\'aries in\’erseU v\vili light intensity” the intense light stimulus u.sed here tended to 
make delay minimal. Inasmuch as experimental conditions vary from animal to 
animal we find it inaccurate to compare delay and transmi.s.sion time or amplitude 
\”ilues except from multiple simultaneous ri'cords from the same animal. The method 
also provides a continuous check on the integrity of the optic system which is e.ssential 
when recording from apparently inactive sites. 

Department oj Anatomy, ('hkistian A. Hovde 

Seton Hall College of M edicine and Dentistry, I’l Nt:KNiiY J . Harman 

Jersey City 4, X.]. (U.S.A.) Ann Marie DeLui a 
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The testicular response of white-crowned sparrows to stimulatory 
photoperiods in ahemeral cycles* 

Photoperiodic experiments employing ahemeral cycles, particularly with cycle 
lengths greater than 24 h, have been asoful in studying the relative roles of light and 
darkness in photoperiodic responses and in examining the relationship between the 
photoperiodic responses and endogenous clocks^. As an example of the latter, Blaney 
and Hamner® have shown very nicely that the short-day photoperiodic control 
flowering in Biloxi soy bean requires that the photoperiod be synchronized with an 
endogenous 24-h rhythm. Danilyevskii and Glinyanaya**-"* have used ahemeral cycles 
in investigations of the short-day induced diapause in the noctuid moth, Acronycln 
rumicis, and have shown clcsvrly therewith that the response somehow has both dark 
and light requirements. Similarly, Wolfson^ has inv(‘Stigated the long-day photo])eriod- 
ic testicular response in Jnnco hyemalis. In this case, however, it is clo.arly evident 
that there is no dark requirement, thus confirming our (‘arlier hypothesis for the simi- 
lar response in Zonotrichia Iciicophrys ganthdii^. The. experiment', reported in this 
paper represent primarily an examination of the question of a possible functional 
relationship of the photoperiodic testicitlar response to an endogenous 24-h rhythm in 
Zonotrichia leucophrys gamhdii. 


METHODS 

The experimental birds were captured with Japanese mist nets from the^population 
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Fig. I. Testicular photoperiodic response in Zonotrichia leucophrys gambelii subjected to i8-h 
daily photoperiods in light'dark cycles of different durations. Responses arc expressed by means 
of the testicular growth rate constant k] k = (log Wt- log Wo) It (ref. 7) where Wo is the initial 
(resting) testicular weight in milligrams, and Wt is the testicular Weight in milligrams at time / 

in days or cycles (Sc^ text). 


* The data on which this paper is based were in investigsitions supported by the Office of Naval 

Research, Contract Nonr- 1520(00). 
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of Xmwtrichia lewophrys gambelii which winters in the Snake River Canyon of 
southeastern Washington. From early winter they were held on daily photoperiods 
{c(i. 8 h) sufficiently short to be non-stimulatory The basic experimental procedures 
and conditions including temperature, light sources, light intensity, and feeding were 
as described previously^. The photopcriods and dark periods for the expc'rimental 
and control groups are shown in Figs i and 2. (irouj>s VII-I, VIl-Il, and VII-III were 
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period I I period HH 

<* , 

l^'ig. j Tf'sticular phitiopuriodic n^sponse in Zoiwtru iiia It’ucnphyys gamhrlii siibjfcti'd to 13-I1 
daily phnUiperiods in 24-I1 and 39-h light'dark cycles. Group 8-C is ii control group with the same 
light dark ratio as Gnnip XIIl-A. For dofiriition of k, sec* log. i. 



The second column gives the number of hours o light (L) and dark (I )) per cycle. 


subjected to the photoperiodic treatment as indicated (Fig. i) in December; groups 
VIII-A and VIII-B (Fig. i) in January; and groups XIII-A, XIII-B, and 8-C in May. 
Controls taken at the beginning of each photoperiodic treatment had testes at typical 
winter resting state’. Croup VII-I I (Fig. i) was subjected to a cycle with i8-hour. 
photopcriods but with randomized total duration between 22 and 29 hours. Experi- 
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mental birds were killed after sufficient photoperiodic treatment to produce testic- 
ular weights of 100 -200 mg. 

The rates of response (Figs, i and 2) were expressed as the logarithmic growth-rate 
constant (yfe) of the testes^. Ordinarily with hemcral cycles k has the dimension of 
days 1. With the use of ahemeral cycles, the question arises as to whether testiculai 
growth, for comparative purposes, should be considered as a function of time (here, in 
day.s) or as a function of the number of cycles. Because there are cogent arguments lor 
both. Figs. I and 3 give the constants wit li both <limensions. For purposes of comparison 
of respon.ses the 05 % fiducial limits of k (in cycles i) are recorded in Fig. 3. 

I am indebted to Dr. Richard Parker for advice concerning statistical procedures, 
to Miss Betty Jane Johnson for the actual calculations, and to Mr. Donald F. Laws and 
Mr. Harold E. Cheyney for assistance with the experiments. 

RESULTS AND DISCUSSION 

A comparison of the mean rates of testicular development (Fig. 3) indicates clearly 
that this photoperiodic response in Zonotrichiu leticophrys gambelii does not re(piin' 
a 24-I1 light-dark cycle or even an apjiroximation thereof. This is also obviously the 
case with Junco hycmalis as indicated by the investigations of Wolfson®. The t(!Stic- 
ular photoperiodic response in these two species tlu'refon^ appears to be vciy 
different in principle from the photop<‘riodically induced (lowering in Biloxi .^o\' bean 
in which an obviously close interaction with an emdogenous 24-h rhythm is involved-. 
Howev'er, there may be two possible rationalizations with a hypothesis of interaction 
of a stimulatory photoperiod with an endogenous 24-h rhythm, assuming that su('h 
exists in these species. There is the possibility® that the enclogtiious clock is extremely 
susceptible to changes in frequency and phase imjiosed by the external Zeitg 'ber, the 
recurring photoptiriod. 'rhere is the further possibility that tlu' endogenous clock 
retains its 24-h periodicitj' but is re.set by each photoperiod. (.See ref.® for a discussion 
of resetting in this sense.-) To me however, a simiiler hypwthe-'is is that the photo- 
periodic response mechanism has no important functional relationship to an endoge- 
nous 24-I1 cycle ; instead it operates primarily as relatively simple functions of intensity, 
duration, and wave-length composition o'' the light periods^®. This hypothesis, 
togt;ther with our observations that birds held .m short days for many months beyond 
the normal time of testicular development fail to show testicular development, lead me 
to feel that there is no well-developed endogenous gonadal cycle in Zmotrichia 
leitcophrys gamhdii. The increasing day length in spring therefore probably should not 
be regarded as an important Zeitgeber in the sense of \.schoff^’. This is in contrast 
with the role of photoperiodic control of gonadal cycU s in domestic ducks for which 
the experiments of Novikov^® and Benoit et arc perhaps best interpreted as 

indicating a crude endogenous cycle with the changing day length serving as a Zeit- 
geber in the sense of Aschoff Howevc-r, despite the possible differences in its role 
with respect to annual gonadal cycles, the available evidence suggests that the basic 
photoperiodic mechanism itself in Zonotrichiu Icucophrys gamhdii may be very 
similar to that of the domestic duck. 

The data obtained in this investigation support strongly our earlier hypothesis® 
that the photoj^eriodic response is independent of the dark period, a conclusion which 
has been reached by Wolfson® for JutKO hyemalis. A comparison of the responses of 
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groups XlII-A and 8-C omphasizes that this photoperiodic response is not a function 
of the light-dark ratio since this ratio is identical (2 : i) in the two groups. 

Laboratories of Zoophysiology, Department of Zoology, Donald S. Farner 

WashtHgtoii State University, Pitlltmn, Wash. (U.S.A.) 

1 K. HrNNiNG, Hie physiologischc Uhr, Sprinj»(*r Vrrlag, Berlin, MJ5S. 

2 I,. T. Hlanky and K. ('. Hamnkr. liotan.Ga':., iig (19.57) 

» A. S. Danilykvskii and E. 1 . Olinyanaya, Dokltuiv Akad. Natt/t, S S OtS (19.10) 785. 

1 A.S. 1 )ANII,YIA'SK 11 AND K. I . CJlI N VAN AYA . DokUldv A ktld . >i(tuk, S.S.S.R., 71(5) (1950)963. 
A WOLFSON, Science, IJ9 (1050) 1-425. 

« I). S. l‘\\KNKK. L. U. Mkw.aldt AND S. D. Irmnd. Jilol. Hull., 105 (1053) .43.4. 

7 I). S. l*'ARNhR AND A. (*. WiLSON, Hiol. HlllL, II3 (1957) 25.4. 

S' J. .\si IK^FF, Ticrpsyrliol., 15 (1958) j 

’• C. S. rnTJvNDRKiii AND V. G. Photnpenndisni, .\AAS J*iil)l. No. 55 (1959) 475. 

1). S. I'ARNicR. Pent. T()th Ann. Jiiol. Colloq., Orcfjon St.iU' (1958) 17. 

• • |. XsciioFF. 8 (1955) 742. 

•- B. I’'. Novikov, Akad. Sauk I'kiaiuskm S.S.H., I'rudv Inst. ZuoL, 10 (1953) 35. 

|. Bfnojt, I. AssKNMAfiiKR \ND 1 *'. Brard, C‘f)iR/?/. Reud., 241 (1955) 251. 

‘1 j. IShnoit, I. Assknmac’iu.r and E. Bk\rd. Compt. Rend., 242 (1956) 3113. 


The intracellular distribution of phytochrome in corn seedlings* 

A iniijor iulvjince in thv fidcl of i)li()tomorplio?^vncsis is tlu' ivcTiit isolation of the 
ivd- far-red reversible pignii'iil phytochrome^. This pi^ment-prot(dn was salted out 
from alkaline corn seedling extracts that had been centrifuged at 140 k g. Such 
sedirneutalioTi characteristics suggest that the complex is part of the soluble proteins 
of the cytoplasm. 

We hav(‘ found, however, that the phosphorylative lapacity of Avena mitochondria 
is changed by red and by far-red irradiation of the plant-. Tlicse two radiation bands 
also reversibly alter the phosphorylative capacity of isolated inimal mitochondria-. 
Phytochrome would thus appear to occur both in plants and animals as a mitochon- 
drial component. Since knowledge of tlu‘ location of phytocurome in the ci*ll could be 
a clue to the locus and natun' of its action, the intractdlular distribution of th(^ pigment 
complex was inve.stigated. 


METIIOBS 

The fractionation procedure is outlined in Table I. It consisted of dispensing the plant 
material in a medium that would tend to maintain organelle integrity and y(‘t incor- 
porate the reducing agents used by Butler ct alA. Corn {Zea mays var. Marcross) 
was germinated and grown in the dark at 25^ h^r 3 days. The seedlings were cut at 
the scutellum and dispersed in an Eppenbach colloid mill whose inner metal surfaces 
had been made water-repellent with silicone. Differential centrifugation was carried 
out in International refrigerated (with high speed attachment) and Spinco Prepara- 
tive centrifuges. A Raytheon oscillator w'as used for the sonic treatment. 

Organelles of plant cells intergrade in size and density^, and the preparations 
listed in Table II arc to be interpreted as containing, or predominantly composed of^ 

* This work was performed under the auspices of the U.S. Atomic ICnergy Commission. 
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TABLE I 

FRACTIONATION SCHEME FOR PlIYTOCHROMF. OF CORN SRF-DLINGS 

1. Blend plants several seconds with equal v«)lumc phosphate buffer, 0.2 M pH 6.5, containing 
0.3 M sucrose, o.or M ascorbate, 0.01 Af cysteine 

2. Single pass through colloid mill, 50 passage 

3. Filter through 100 mesh nylon and fractionate particulates by differential centrifugation 

4. Sonic disintegration of each fraction at lo kilocycles, 10', 2'", and freeze in liquid N*. 

5. Disperse in phosphate medium and centrifuge 140 k X g, bo' 
b. Bring to 1/3 sat. with (NH4)aS04. Pack at 17 ft X g, 15' 

7. Repeptize in 1/20 original volume o.oi M phosphate buffer, pii 6.8 

8. Centrifuge 17 ft X g, 30' 

q. Irradiate equal volumes of supci natant in 655 and 735 m/i monochrometers, 5 min 


the particulates indicated. Intact nuclei were detected by the acetic-orcein technique^. 
Mitochondrial preparations were positive to Janus green ; they were also able to estcri- 
fy adenosinediphosphate to adenosinetriphosphate^, a phosphorylative capacity vir- 
tually absent in the microsomal pre])aration. Each disrupted cellular fraction was 
assayed for phytochrome by using difference spectrophotometry' We a.ssume that 
phytochromc is a protein complex, of relatively low molecular weigiit, that is readily 
peptized at neutral pH. 

Tungsten filament lamps and interference filters in monochrometers patterned 
after Withrow’s® designs were the sources of red and far-red radiation. The far-red 
filter had a transmission of 50% at 735 m/t, with no radiation being detectable below 
690 m^ in a Cary model irM spectrophotometer. The red filter transmitted 75"/,, at 
655 m/4, 0.2% above 700 m/i, and cut off at 610 and 780 m/i. Incident energies were 
adjusted by varying the lamp voltage to yield ii ergs/mm'^'/sec at the red and 31 
ergs/mm®/sec at the far-red locus. Absorbancies of the irradiated solutions were deti'r- 
mined in the Cary spectrophotometer using expanded scales. To maximize the differ- 
ences between relatively low-order absorbancies, the phytochrome preparations were 
exposed to the two spectral bands simultaneously. They were then rapidly compared 
against each other in the spectrophotometer. This procedure also permitted automatic 
duplication in reversal experiments. A dim grt. n safe light, with cut-offs at 500 and 
550 m/i, was used when required in the period between irradiation and determination 
of absorbancy differences. 


RESULTS AND DISCUSSION 

Initially the method described by Butler et al. for the isolation of phytochrome from 
com seedlings was repeated. The preparation obtained showed a 
about 23 • iO“®. This is well over the value of 5 • 10 that, with our instrumentation, 
is the minimal value for significance, and corroborates the findings of the Beltsville 
group. Accordingly, their procedure was modified to that given in Table I in order 
to measure the concentration of phytochromc in recognized organelle groupings. 
Table II gives the absorbancy differences measured after exposure of the various 
intracellular fractions to red and far-red radiation. It is evident that phytochromc 
integrity is to a large extent retained during the frai^tionation procedure. This is demon- 
strated by the A'^ the two wavelengths, as well as the reversibility of the system. 
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TABLE 11 

HS,n-FAR-RED ABSORBANCY DIFKERENCKS OF PIIVTOCHROMF. FROM INTRACELLULAR 

FRACTIONS OF THE CORN SF.F.DI.ING 


Centrifugatum 

10', 100 X g 

Supt'rnattiiit 

Deschptim 

( A Atm — 
I'R vs. R K 

A A 79 !,) 
vs. FK 

FH vs. R 

"Whole disp€‘rsion*’ 

40 

' 4 * 

35 

10', 1000 X g 

Plastids. nuclei 
wall fragments 

5 



io'. 4.500 V g 

Plastids, niiclri 

S 

(> 


30'. 17,000 V g 

Mitochondria 

28 

33 


^0', 105,000 > g 

i 

Siipornataiil 

Microsomal 

i 

-4 

3 

Soluhlt' protein 

1 > 

*5 



More significantly, the distribution of activity sliows that the f)ignient complex was 
found both in the soluble j)rotein fraction of the cytoplasm and in the mitochondrial 
fraction, 'riie phvtorhrome concentration in the mitochondria was approximately 
double* that found for the soluble fraction. 

It is possible (hat phytochrome moves from the soluble (’vtoplasmic systems into 
organelle association when the pit is nonalkaline during fractionation. Alternatively, 
we would suggest that the alkaline^ conditions under which organelh; integrities are. 
iu)t retained, and which are known to liberate proteins from bound complexes®, could 
very well free phytochrome from an organelle association. Several responses to red 
and far-red are consistent with or support the interpretation of an in vi%<o association 
of phytochrome with mitochondria. These are adenosine; triphosphate generation by 
mitochondria from irradiated Avena seedlings®, phosphorylation by irradiated liver 
mitochondria®, and the activation of phosphate esterification in lettuce seed®. The 
phosphorylation response of lettuce seed can be correlated with the photomorphogenic 
effects of the red spectral region on germination. 

Division of Biological ami Medical Research, S. A. Gori>on 
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The flash photolysis of visual pigments 

The experiments to be described concern the reactions occurring in alkaline (pH 
8.2-8.7) solutions of frog rhodopsin when they are exposed to intense flashes of light. 
The light source was a 400-joule xenon-filled discharge tube (Siemens SF E.22). The 
approximate flash duration was 4 msec. Flash intensity w.as controlled by interposing 
neutral gelatin filters between the flash tube and the rhodopsin solution. Solutions 
were prepared by extraction of acid-washed dark-adapted frogs’ retinae with 2 % 



Pig. 1. Kffect of flash-irradiating a solution of frog rhodopsin. Curve A --initial absorption 
spectrum: Curve B — absorption spectrum of initial photoproduct ; this curve was measured from 
boo to 400 m^. the reading at 500 m^ was 30 sec after the flash: Curve C — after 1 J h in darkness: 
Curve I) — after exiwsurc to normal white light (all dl)8orption spectra measured at 25'' on a 
llcckmann UK-z automatically recording sp»!ctrophotometer - — the temperature at the time of 
irradiation was 25°). The lower half of tlie curve shows the following difference spectra: parent 
pigment (o, D minus A); Fraction 1 {*, C minus B); P'raction 2 ((y , D minus C). 
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aqueous w/v digitonin. For expe,riments at temperatures below o° glycerol (50 or 65% 
\ "v) was added to these extracts, which were then adjusted to the required pH with 
an aqueous solution of sodium 5,5'-diethylbarl>iturate. For cxpeiimcnts at normal 
temperatures the aqueous digitonin extract was adjusted to the required pH with a 
saturated aqueous solution of sodium borate. 

Following exposure at 25° to a photoflash, a solution of frog rhodopsin contains two 
types of light-absorbing material. One type. Fraction i, is thermally un.stable and 
decays to indicator yeUow (N-retinylidene opsin) during the course of about i hour. 
The other type, Fraction 2, is thermally stable and pliotosensitive. The presence of 
these two components in flash-irradiated rluKlopsin solutions is illustrated in Fig. i. 
Curve A is the initial absorption spectrum and curve B is measured within 30 sec of 
Hash irradiation. During the next i J h the thermally unstable Fraction 1 decomposes, 
as shown by the fall in density to curve C mea.sured r h lattT. Curve C is the absorption 
s])ectrum of a mixture of Fraction 2 and of indicator yellow derived from the thermal 



Fig. 2. Relationship Ijctween the amount of Fraction 2 produced and the fla.sh intensity, ^le 
upper curve shows the total pigment in Fraction 2 {i.e. the* summed amounts of P486 and frog 
rhodopsin), whilst the lower curve shows only the amount of the frog rhodopsin component 

(Temp. 25"^). 
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degradation of Fraction i. Curve D is measured after Fraction 2 has been completely 
bleached by exposure to a relatively weak white light (illumination about 25 ft.-c.). 

Fraction i (cattle rhodopsin) has been studied by Wulff, Adams, Linschitz and 
Abrahamson^, who investigated absorption spectrum changes in solutions of cattle 
rhodopsin during a period commencing a few fisec after flash irradiation. Fraction 2 
has not been studied in detail, and its nature and mechanism of production is the 
principal subject of the present work. 

As shown in Fig. i the Amax of Fraction 2 is some 7-8 m^u below that of the parent 
rhodopsin i.e. it is at about 494 m/z compared with 502 m/z. Analysis of Fraction 2 by 
the method of partial bleaching® shows that it is a mixture containing approximately 
equal proportions of the parent rhodopsin and a new photosensitive pigment with 
Amax at 486 ± 2 m/z. It is proposed to call this substance pigment 486 or P486 ; in 
this way it may be distinguished from a true visual pigment {e.g. frog rhodopsin or 
VP502). 

“Fraction 2” designates any thermally stable photosensitive material remaining in 
solution after flash irradiation. If the flash intensity is reduced by means of a filter to 
l/ioooth of the unfiltered value, Fraction 2 is entirely rhodopsin and amounts to 
97% of the pre-flash rhodopsin. In this case, Fraction 2 is merely unbleached rho- 
dopsin. In Fig. 2 the curve marked “Total" shows the variation of Fraction 2 with 
flash intensity at 25°. The curve shows a minimum of 22% at about | full flash 
intensity. At the same time, the proportion of 1*486 rose from o'*',', at low intensities to 



Fig. 3. V'ariation with flash intensity of the three types of substance present in a solution of frog 
rhodopsin i hour after flash irradiation at 25°. Q, unbleached molecules (the curve represents 
Ca) I • . bleached molecules (the curve represents Cb -b C9) : -f , regenerated molecules (a mixture 
of P486 and rhodopsin; the curve represents Cc). The dotted curve represents the concentration 
of hypothetical intermediate B at the end of the flash period. 



FLASH PHOTOLYSIS OF VISUAL PIGMENTS 


-447 


between 46 and 57% at the highest intensity. As shown in Fig. 2, however, although 
the l>roportion ol rhodopsin in the mixture decreased, the actual amount rose slightly 
towards the higher intensities. Thus although the “Fraction 2” of the lower intensities 
probably consisted entirely of unbleached parent rhodopsin. that of the higher 
intensities, in addition to containing flash-produced 1*48(1, contained also "fla.sh- 
produced rhodopsin.” 

Hydroxylamine (o.oi M) does not affect the amount of Fraction 2 produced at any 
flash intensity. The quantity of Fraction 2 generated depends on the solution temper- 
ature, and, when produced by a full-intensity flash, rises by between 4 and 10% for 
each 10° drop in temperature from +40 to — 40". Viscosity apparently plays no part 
in this effect, since, for example, at -f8‘’ the same quantity of Fraction 2 is produced 
in solutions containing v/v glycerol as in ordinary aqueous extracts. 

The “Total” curve of Fig. 2 is the sum of tw'o curves. One represents the amount of 
unbleached rhodopsin, and diminishes with rising flash inten.sity. The other repre.sents 
the amount of a flash -generated mixture of 1*48(1 and rhodopsin, and increases with 
rising flash inten.sity. If it is a.ssumed that this reconstituted material contains a 
constant proportion (47%) of P486 at all flash intensities, the amounts of unbleached 
rhodopsin, fully bleached rhodopsin and flash-generated photo-pigment may be 
obtained, and arC.^tibwii as the points in Fig. 3. The curves of this Figure de.scribe the 
cxpi-rimental points and are calculated on the basis of the following scheme: 


A— 

(Rhodopsin) 


light 

> B 

(un stable: 

^ intoiinc'diate) 


light Slow Uoconstitiitecl 

— ► ^ -> photo-]>iginonts 

(P486 and rhodopsin) 


Slow 

— . — >. 1 ^) — - - -- 
ftz via 

Fraction i 


J^h‘achcd molecules 
(Indicator yellow) 


At the end of the flash period, i.e. when the solution contains on!\ A. B, C and D, the 
concentrations of these substances may be calculated (Bridges^.^), 

At j)resent, the identity of the hypothetical state B is unknown. It may be the 
result of the primary photochemical event i.e. it is possibly an electronically excited 
state of the rhodopsin molecule. Again, it may be a new substance of the type found 
in the immediate post-flash period by Wulff, et al.^. 

Vistml Research Division, M.R.C. Ophthalnwlogical C. D. B. Bridges 

Research Unit, Institute of Ophthalmology , London (Great Britain) 
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Photodynamic action of polycyclic hydrocarbons on isolated mitochon- 
dria in relation to their carcinogenicity 

INTRODUCTION 

A correlation between photodynamic action and carcinogenicity was first pointed out 
by Mot train and Doniach^ testing ii carcinogenic and non-carcinogenic polycyclic 
hj^drocarbons and three sterol compounds on Paramecia, Maltoltsy and Fabian - 
found the same correlation in experiments on Drosophila mclanogaster testing 3.4- 
benzpyrene, 20-methylcholanthrene and dibenzanthracene. Alexander and Fox'^ 
observed that the photodynamic degradation of polymethacrylic acid by 14 carcino- 
genic and non-carcinogcnic polycyclic hydrocarbons and 4 stilbene derivatives was 
dependent on the degree of carcinogenicity. Garzia and Dansi^ demonstratevl that an 
alcoholic solution of triphenylformazane is more or liss decolorized by indirect sun- 
light when different polycyclic hydrocarbons are added; the decolorization rat(' 
shows a correlation with the carcinogenic activity. 

To avoid the objection that in the experiments mentioned above there can be no 
correlation between the very different actions compared, c.g. the production of rumors 
in vertebrates and death of a protozoon, we have studied the changes in human blood- 
serum when photo-oxidized in the presence of different polycyclic hydrocarbons. This 
investigation was carried out b\^ paper electrophoresis; thii miinlxT of hydrocarbons 
tested was 31. An impressive correlation was again observed between photodynamic 
action and carcinogenicity®. 

The photodynamic action of a carcinogenic hydrocarbon on isolated mitochondria 
W'as first studied by (iraffi et These authors studied the behaviour of enzymes 

in Lsolated rat liver mitochondria in a glycerol solution of benzpyrene in salt solution 
which was irradiated by a quartz lamp, with filter passing 290-400 m^, at 4''. The 
results showed that the succinic acid dehydrogenase activity was reduced to r/ioo of 
its initial value, cytochrome oxidase to 1/20, acid phosphatase to 1/20, alkaline phos- 
phata.se to 1/15, apyrase to 1/15; catalase remained unchanged. The replacement of 
molecular oxygen with oxygen-free nitrogen in the suspension prevented the enzymatic 
damage to a certain extent. 

We investigated a similar photodynamic injury by measuring the variation of the 
optical density of mitochondrial suspensions. We obser\'ed that the photodynamic 
action of polycyclic hydrocarbons brings about a reduction in the turbidity of the 
su-spensions. In experiments carried out with 13 carcinogenic and non-carcinogenic 
polycyclic hydrocarbons, a certain correlation was observed between photodynamic 
action and carcinogenicity. 

The dramatic drop in turbidity brought about by 3,4-benzpyrcne in the presence of 
light was completely prevented when the samples were exposed in vacuum, thus 
demonstrating the dependence of the phenomenon on oxygen. However, the addition 
of ATP, and reducing agents such as ascorbic acid, cysteine; glutathione, or thiourea 
in the presence of air failed to exercise any protecting action and even showed that 
these reducing agents bring about a marked drop in turbidity of mitochondria suspen- 
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^ions ill the dark and a greater drop in the light®. Th(' swelling action by glutathione 
and cysteine in the dark is similar to that found by Lehningcr and Schneider® under 
similar experimental conditions. We think that tlie failure of ascorbic acid, cysteine 
and other reducing agents to protect mitochondria suggests that isolati^t mitochondria 
.ire not suitable experimental material for .studies of th(' mechanism of the photody- 
namic effect in cells. In addition, it should be noted that the results of studiis on isolated 
mitochondria are influenciKl hy the method of preparation, which, by itself, may have 
KMuarkable effects. However, the sure correlation found between photodynamic 
action and carcinogenicity sugg(\sted that it might be worth extending the inves- 
tigation to a larger number of ])olycyclic hydrocarbons, as reported below. 

METHODS 

Livers from 24-h starved rats (250-330 g) of Wistar strain wt're homogenized in a cold 
room in a medium 0.50 M with respect to sucrosi*. xAfter removing the readily s(‘dimen- 
table fractions b\' centrifugation at boo g for 15 min, the mitochondria were isolated 
1)\' ci'iitrifuging at f),ooo g for 30 min. The re.siillant pellet was n suspended in 0.4b M 
sucrose -0.02 M tris(h\'droxym(‘thyl)aminomethane * HLl (tris) buffer, pH 7.4 or 8.b. 
5 ml of the suspension was placed in cylindrical (r cm diam) cuv(‘ttes of a ImsIku* elec- 
trophotometer cohtahiiug 5 ml of a freshlv prepared hydrocarbon pseudo-solution, 
using the same iiKMlium. Tlu* op('ration was carried out .so as to obtain hydrocarbons 
at a final concentration of to ® M and mitochondria su.spensions of 0.4- 0.5 optical 
density at 520 m/i in a iMsher electrophotom(‘t<T. The u.se of a imitlium consisting of 
0.4b M sucrose was com eni^uit in onhu* to obtain r(*si‘^ tent mitochondria. 

.‘\ duplicate seri(»s of t(\sts was pri'pan^d: one was kept in th(‘ dark and the other was 
expo.sed in a glass watei bath to irradiation from a l()W-pn*s.sun‘ quartz lamp: thus, 
wa\-elengths of less than 320 m/i were (‘\(*hided. I'he int(*nsity of irradiation, measured 
at th(‘ level of the cin'i‘ttes, was 33 • 10® (ug/.sec /cm-. The suspensions were maintained 
at 20”. 

The results were evaluated by means of the following calcul ition: if . and 
arc the differences of O.I). piT cent of tlu* controls (mitocliondria aloni') in the 
light and in the dark, and if and an* those obtained in the presence of 

1 he experimental .substanci‘s, it follows that 

A. - --/JV.x 

U (I u 

and 

Ax ... * ~ A r.j X '1 r.* ...X 

In In 1 1 

lionet;, the photodynamic activity, , of the substances, an be e.xprev;i-d; 


6 compounds wen; tested in each e.xperiment. In eacli case, both 3,4-benzpyrene and 
chrysent; .were included ^the form(;r b(;ing highly carcinogenic and highly active photo- 
djmamically, the latter non-carcinogcnic and inactive). For ev(;ry ex))i;riment, the 
results were plotted on a double co-ordinate graph, where the O.D. per cent of the 
control and the of the substances were plotted against the exposure time. A dotted 
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line was set on the time corresponding to the initial drop in turbidity of the con<! .)l 
exposed to the light. The ordinate values of the intersections of this dotted line wiih 
the A curves were used to calculate the relative A„, that is: 

ff r 

. . . j 


where is the A^ of benzpyrene. 


KliSULTS AND DISCUSSION 

The results of typical experiments are given in Figs, i, 2, 3, and 4. Such graphs show 
that light alone damages mitochondria after 30-45 min illumination, although when 
active substances are present in the suspension, light produce's an immediate effect. 
In all these figures it is apparent that 3,4-benzpvrene is the most effective, while 
chrysene does not produce any significant change. 



Fig. I. optical (l(?nsity of the controls and 
photodynamic activity (.1^) of hydrocarbon 
pU)ttcd against the exposure time, 'riie dotted 
line is set on th(^ time of the initial drop in 
turbidity of mitochondria alone under light. ■ 
control and substances dark; O control light; 
□ 3,4-benzpyrcnc lo’® Ai; V pyrene; rj an- 
thracene; ^ perylene; phenanthracene; 
A chrysene; initial 0.1). — 0.43; pii - 


2. Optical density of tlie controls and 
ph'.'Lodynaniic activity of liydrocarlxjiis as 
explidned in I'ig. i. ■ control and substances 
dark, q control light; □ 3, 4-benzpyn'ne 
10-^” ; V i-inethyl3,4-benzphenanthrene;^ 

7-Me-3, \ Dph ; Q 6-Me- 3,4-Hph ; 8-Mc-3,4- 

Bp^C A chrysene; initial O.D. -*= 0.44; pH 
7 - 4 . 


The prompt response of 3,4-benzpyreue to the light compared witli our previously 
observed lag-period (see ®) is due to the lower initial optical density used in the present 
experiments. In fact, it is important in a comparative evaluation that the initial 
optical density should lie within the range 0.40-0.50. In the present series of experi- 
ments the significant time for a /I ^ evaluation is that corresponding to the initial 
decrease in turbidity of the control exposed to the light. Such a time is within the 
range of 30-45 min ; the change in optical density which takes plac(? afterwards may 
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be interpreted as a phenomenon following the effect of light by itself on mitochondria®. 

It is of interest to point out that mitochondria susiwnded in 0.46 . 1 / sucroso-0.02 M 
tris, pH 7.4 are not affected at all by ageing at 20° in the dark even after ()0 min, as 
far as the turbidity is concerned. At pH 8.6 (Fig. 4) only a negligible ageing effect is 
obseiN cd after 60 min and up to c)0 min. For practical purposes therefore, no signif- 
icant differencts are observed in e.vperiments carried out at these two different pHs 
(Figs. 2 and 4). 

In Table I the values t)f of the compounds testi'd are listed along with the 
ap])r().\imate indications (- , -1- • •+ + -f +) of their photod\'namic action, in- 
cluding ai>proximate indications of the data obtained in the photodynamic test on 
bl<M)d-s(Tum (see Santamarifi®) , and the indications of carcinogtmic action, as re- 
ported by Ibidger** and by Von Ilaam'®. From this Table, containing the results of 

T.VHI.K I 

v.vLin.s oi:rj-.r<MiNiii) for v.\R!ous compounds tookthkr with approximati-: indication of 
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* Exception to the correlation between photodynamic action and carcinogenicity. 
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a study carried out with 27 polycyclic hydrocarbons, it is apparent that the correlatio 
between photodynamic action and carcinogenicity is greater in the test on blood serur/i 
(3 exceptions), and less evident in the case of the test on mitochondria (10 exeptions). 

In the test on mitochondria the exceptions are non-carcinogenic compounds which 
display a photodynamic action; only in the case of g,io-dimethyl-i,2-benzanthracen( 
does a highly carcinogenic substance show a low photodynamic effect (also on blood- 




3- < Optical density of the controls and 
photodynamic activity of hydrocarbons as 
explained in h'ig. i . ■ control and substances 
dark ; o control light ; □ 3,4-benz]>yrent* lo s 
fj 20-methylcholan throne; ^ j, 2-5,6- - 
dibenzacridine ; O ' • 2-5,6-dd)i;nzanthraceni* ; 

V chrysene: initial O.l). 0.45; pn 7.4. 



J- I I I --i. L 


0 15 30 45 60 75 90 min. 



Mg. 4. riie sann* ovperimont as in Mg. 2 
pH 8.6. ■ control and substances dark; 
control light; □ 3,.} -benzpyrene io“^» M\ 
I -methyl-3,. pbenzphenanthreni* ; 6-Me-3 

Bph; ^ 7-Me-3. phph ; ; f 8-Me-3,4-Bph; 
chry.sene; initial 0.1). - 0.40. 


serum). Upon the assumption that the photorh'namic plienoineiion is dependent on an 
association of the sub.stance and the substrate, it would seem that quite a number of 
non-carcinogenic hydrocarbons combine with Ihe mitochondrial structure. This 
general consideration, ([uite apart from the problem of photodynamic action, is 
somewhat limited by the observation that studies on isolated mitochondria are in- 
fluenced by the mode of their preparation, which, as wc havci already indicated, may 
have remarkable effects. 

On the whole, it seems to the writers that the blood-serum test is at present the one 
which lends most support to the hypothe.sis that the photodynamic property of 
polycyclic hydrocarbons is important as an aspect of carcinogenic action. 

IstituU) di Patologia Generate Leon i da Santamaria* 

deWUniversitd di Milano, Milano (Italy) Ottorino Fanelli* 

* The authors arc indtjbtcd to Prof. Melvin S. Newman (Department of Chemistry, Ohio State 
University) for his gift of the monomethyl substituents of 1,2-bcnzanthraccnc and of 3,4-benz- 
phcnanthrcnc. 
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Hemolysis by ultraviolet radiation 

Aflrr exposurt' to short closes of V.V. radiation, human rc'd blood cells undergo 
(‘vi'iitual hcMnolysis. Several yi'ars ago Wilbrandt ci al.^ ga\'(' indircM:! evidt'iic.e that 
Ihi' rnc'chanisin of Lhi> l‘•‘Tnolysis was an incn»ase in the normally very limit(?d pcT- 
ineability of thc^ red cell to cations. As a result, the ion composition of the c ells changed 
from the pattern seen in normal cells toward a Donnan-eciuilibrium state. Because of 
thc‘ higli cxmc'CMitration within the' cell of non-pemetrating anions, cliiefly hemoglobin 
and organic phosjjhatc's, there' is a net mcnx'ment of salts into tlu' cc'll, accompanicul by 
watcT. TIu' c ell swc'lls and eventually hemoly/es. Wilbrandt has attempted a quanti- 
tative treatment (to a first approximation) of this prexTss, which he tcTmcxl colloid 
osmotic hemolysis, by treating the salts as non-c'lecdrolytifs^. Other authors*' have' 
(|u<*stioned this mec:hanism, stating that an ecpiation is recpiirc'd which dc'als adc> 
cpiatc'ly with the changes in cell volume' as a function of the' mov^'ment of the various 
ions. 



I'ig. \. H«*m(jly.si.s curve following V.V. -irradiation at 254 m// with a low pre-ssure mercury arc. 
o-3‘’i suspcn-sion of human red cells in 0.17 M Nat l, plio.sphatt*-buffrn.*d to pn 7.5. G.V.-do.sc 
^ 2.25 • 10* c-rgs incident on surface of irradiation chamber. 
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In our laboratory we liave investigated this process of U.V. hemolysis with tl; ■ 
intention of making direct measurements on ionic movements, and of deriving ;iii 
equation to describe quantitatively the swelling process. After discussing this equation 
I shall comment on tlie nature of the radiation lesion in red cells. 

Fig. 1 shows a typical hemolysis curve following a brief dose of U.V. radiation 
from a low pre.ssure mercury arc. The slope of the straight portion of this curve 
taken as a measure of the rate of hemolysis. 

That there is accelerated cation movement in irradiated red cells can be seen from 
Fig. 2, which shows the loss of potassium from red cells suspended in buffered NaC.l 
and irradiated at three closes. Effhix from non-irradiated cells over the time-periods 
used is negligible. The decrease in cell K follows the first order equation : 

ln{K(/Ko) — — k! (i) 

where t represents the time after irradiation, Ko the initial cell potassium concentra- 
tion, and k the rate constant for K loss. The relationship between k and the U.V'. dos(‘ 
is plotted in Fig. 3. This log - log plot has a slope of 2 : that is, the rate const:? :it for K 



Fig. 2. I .OSS of potassium from I ’.V. -irradiated human rud cells. 2”,, suspension of ci'lls in o.i 7 . 1 / 
NaCl, phosphate -buffered to pn 7.4. 'rhe upper curve correspoiuls to a dose of .p5 • 10“ er^s 
incident on the surlace of the irradiation chamiHT, the middle curve is g.o • ergs, the lower 

curve 13.5 • ro«ergs. 



UV DOSE RATIO 

Fig. 3. Rate of loss of potassium as a function of dose. Log of ratio of rate constants, as determincid 
from curves like those in Fig. 2., are plotted as a function of log of U.V. -dose ratio. The line has a 

slope, of 
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loss increases as the square of the dose. If the hemolysis process is determined by ion 
niovemt^nts, then the rate of hemolysis should also Ixi proportional to the square of 
the dose. That this is true is shown in Fig. 4, where each point represents the ratio of 
hemolysis rates at two doses, plotted as a function of the dose-ratio. The slope of 2 on 
this log-log plot means that the hemolysis rate is directly proportional to the potas- 
sium efflux. 

The rate of swiilling of red blood cells may be describt‘d by the equation : 

(2) 


where*.!/ and ^!/ are, respectively, the influx and efflu.'c of osmotically active .solutes, 
and r is the osmolar concentration of tlu‘ mi^diiim. This proportionality term implies 
that water moves so rapidly a(TO.ss th(‘ cell membrane that the cell is in osmotic equilib- 
rium throughout. Henc(\ from the ecpiation, the cell swells wIkmi the influx of solute 
exceeds the efflux, and shrinks when efflux exceeds influx. The flux of a given solute 
is given bv 


M hSj ( 3 ) 

where is the ratr i.uu.slant and i.S'; the conctaitration in tlu^ compartm(*nt from 
which tiu' sf)lute is moving. 



LOG DOSE RATIO 

I'iS- A- Kate of htMtiolysis as a function of 
close. Log <3f ratio of hemolysis rates plotted as 
a function of log of do.se ratios. Tlie line has a 
slope of 2. 



L'ig. 5. Relative hemolysis rates as a funclicm 
t)£pu. C onditions as in h'ig. i; only the pH is 
altei • The line is calculated from <jquati(m 
(6), with appropriate substitution for thc‘ vari- 
ous chloride ratios, ion concentrations, and 
initial cell volumes at the various pH. The ex- 
perimental points have been normalized to \thc 
curve at pit 7.5 (X). 


We have found, in experiments not described here, that the rate constant for Na 
flux, AiNa, through an irradiated red cell membrane is about 0.67 times the rate constant 
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for K flux through the same membrane, regardless of the absolute magnitude of thes 
fluxes. This relationship may be expressed 

■K = W^K -= 0.67 (_,■ 


Since we arc dealing with electrolytes, allowance must bi^ made for the driving forct 
of the electrical potential across the membrane'*. For red blood cells, this potential mav 
be described* 




RT 1(1]. 

In 

E fClJ„ 


(.-i) 


Our final assumption is that chloride moves with the cations so as to maintain 
electrical neutrality. The equations abo^’e ma\' lx* combined and simplified to give 

dVIdl ■-= [(IKU I- 'l>JaU) - {[KV 4 >!Na].)| (h) 

C I Ivljin j 

where sub.scripts m and c represent medium and cells respectively, kn is evaluated 
from the potassium efflux as shown in Fig. 2. The chloriih' ratio is the term correcting 
for the effect of the membrane potential on the corresponding influx of .sodium and 
potassium. 

Our direct measurements of dl’/d/ are within 30",, of the \ alues calculated from 
ItK and the various ion concentrations. Evahtation of this ecpiation rcxpiires the sub- 
traction of intracellular cation concentration from e.xtracelluhv cation conct'utration, 
and th(*sc values are \’ery similar. A 30';,, error in the calculated dl'/d/ could arise 
from a error in measurement of ion concentrations. Consecjuently, we fi;el that 
the measunxl value's are in reasonable agreement with those; jn-edicti'd. 

A s<x'ond test of tlie equation is possible by taking advantage of the pH effect on n>d 
cells. At low pH, the net number of negative charges on the non-diffusing anions is 
decreased, the chloride concentration of the. cell increases, and the cell swvlls slightly. 
Because of this initial swelling, it may be expected tb.al the cells are osmotically more 
fragile at the lower pH and that the)’ would tli cefon' hemolyze more ra])idly. On the 
other hand, the membrane potential, as det<!rm:ned by the chloride ratio, is altered 
so as to accelerate the efflux of cations and, consecjuently, inhibit swelling after irra- 
diation. Of these; two factors, the membrane potential is dominant, as shown by the 
calculated line in Fig. 5. The experimental points show the rate of hemolysis at various 
pH; the line is calculated from e<juation (b), taking into account the altered ionic 
concentrations and cell volumes at the outset of the experiment. The points and the 
curve have been normalized at pH 7.5. 

The relationships of the ionic fluxes in irradiated cells leads to a few speailations 
about the nature of the radiation lesion. The red cell membrane has been regarded as 
a permselective membrane®, with pores lined with positive charges. These positive 
charges would readily permit the pas.sage of small anions while restricting the passage 
of cations. If the effect of the radiation w'ere to alter charges and thereby jjermit in- 
creased cation fluxes, a concomitant decrease in anion permeability would be expected. 
Experiments designed to .show such a decrea.se have been con.sistently negati\’e. 

The rate constants of Na and K fluxes in irradiated cells arc always in the ratio of 
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about 0.67. Since this is the ratio of the mobilities of these ions in aqueous solutions, 
the implication is that the radiation in some way creates acjueous channels for these 
lon.^ to pass. The dose scjuared n'lationship indicates a two-hit phenomenon in the 
formation of such channels. I he nature of this primary photocliemical event remains 
lo be (l(‘ti‘nriined. 
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On the apparent synergistic effect of far-red and X rays in the produc- 
tion of chromatid aberrations 

One of the anomalous observations in photobiolof^y has beem tliat although infrared, 
or more propin ly far-red, radiation cannot in itself cause cliromosoinc breakage*, when 
it is administered with X rays it potentiat(‘S the* X-ray-induced aberration yitdd. 
This liad been first noticed for intergenic mutations and chromo-»maI aberrations in 
Drosophila hy Kaufmann, Hollaender and (iay^ and later c.xtendc :1 lo Tradcscantia by 
Swanson and his coworkers**^- **. It was thought that far red brought about (*ither an 
increase in the X-ray-induced breakage* - or, (onversely, decreased tlu* restitution of 
the primary X-ray bn'aks**. Eitlier proce.ss, of course, would be c*.\pe(‘ted to increase 
the visible aberration yield. 

Experiments by Moh and Withrow** on roots of Vida faba have established that, 
in that organism, the effective wave k'ngths for potentiation of X-ray-induced 
chromatid aberrations are around 760- 780 m/t and that the far-red effect is red (wave- 
length 620-700 m//) reversible. Since Gordon and Surrey** had found that ATP 
synthesis could be decreased by far red, Withrow and Moh favored tin* interpretation 
that restitution was affected, presumably by deci easing the amount of ATP, which 
weo-io liad found to be necessary for the syntheses involved when breaks rejoin. 

The present experiments, on the* lateral roots of Vida faha, w'ore undertaken to 
elucidate the mechanism of the far-red-induced increase in genetic damage caused by 
X radiation. It was found that, in this organism at lea.st, tiui increase pertained only 
to chromatid aberrations induced after the chromosome reacts to X rays as though 
it were double and not to chromosome aberrations that are formed when the chromosome 
reacts as though it were single. Furthermore, postirradiation far-red treatment only 
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seems to delay mitosis so that, at any given time after X irradiation, different cell., 
are at metaphase and are sampled. The apparent increases caused by far red are really 
reflection of this delay of cells in entering division so that more sensitive cells are at 
metaphasc after a far-red treatment. 


METHODS 

Seeds of Vida faba were soaked for 24 h, peeled, and germinated according to the 
method of Gray and Scholcs^^. They were then suspended with the primary roots in 
constantly aerated distilled water at about 20° until lateral roots were formed. The 
beans were then given 150 r of 250-kvp X rays at 100 r.p.m., hvl 0.45 tnm of Cu. 
Immediately after X irradiation, they were immersed in water and placed in a light- 
tight box that had a Corning filter No. y- 4 )g for a top. This filter transmits light from 
ca. 700- 1100 m/t with a rather sharp peak at 800 m//. The box was then placed under 
a bank of incandescent lamps for 3 h (at the end of this time the temperature of the 
roots was ca. 24°). The intensity of far red as measured with a thermopile was ca. 
37,000 /tW/mm‘-*/sec. The beans were then resuspended in the aerated (listillci water 
and samples picked every 3 h after irradiation. The roots were placed in colchu ’nr for 
2 h and then fixed in Ford’s modification of Flemming fluid. Fculgen-staiiied smear 
preparations were made and 300 metaphase figures analyzed for eai h |X)int. 


RESULTS 

In Table I may be seen the results of a typical experiment for roots picked at 24 h 
when almost all the aberrations are of the chromatid type and at 48 h when they are 
all of the chromosome type. The results at 24 h are similar to those observed by Swan- 


TABLE I 
# 

EFFliCT OF FAR RKD ON R ADIATION-INDUCKD AJtFRRA I’lONS 


J50 r ijio r -f- Jffr-red 

A berrat ions .-t terra f io ns 



Number 

O' 

1 ) 

Number 


24~h Fixation (chromatid 

aberrations) 

Chromatid deletions 

34 

10.2 

^4 

8.7 

Isochromatid breaks 

3 » 

II 4 

-^5 

9 .T 

Chromatid exchanges 

IO 

3.0 

3 * 

n -3 

Total chromatid breaks 

92 

27 r 

1 1 1 

40.4 

Cells with chromosome 

48 

14.4 

26 

9-5 

aberrations 





Total cells 

334 


-275 



48-h Fixation (chromosome aberrations) 


Dicentrics and rings 

3 * 

10.3 

22 

73 

interstitial deletions (dots) 

19 

b.2 

17 

5-7 

Terminal deletions (rods) 

8- 

27 

7 

^•3 

Cells with chromatid 
aberrations 

1 

0-3 

19 

h .3 

Total cells 

300 


300 



son in Tradescantia in that there is very little increase in chromatid deletions and 
isochromatid breaks but a marked increase in two-hit exchanges. The total number of 
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( hromatid breaks observed after the combined far-n^d-X-ray treatments is signi- 
ficantly higher than that after X rays alone. In the same beans, however, cells from 
roots that were picked at 48 h when only chromosome aberrations are found, show no 
such increase. Similarly, sev(?ral other experiments on chromosome aberrations in- 
duced in soaked seeds in which the first division of the primary root was observed 
showed no effect of the far red on these types of aberrations. 

In Fig. 1 may be seen the curves obtained by plotting the numbers of chromatid 
breaks observed at the' various times after X irradiation when chromatid aberrations 
are observable. It may be noticed in the curve, that repre.sents the response of roots 
that receiv(‘d X rays alone, that the simsitivity increases from 3 to about 9 h after 
irradiation. It then seems to stay constant for sex eral hours and later droi>s. This 
demonstrated that the cells pass through a peak of sensitix ily. When the roots have 
beem treated with 3 h of far red after X radiation, the lurve .shows tin* peak of 
.sensitivity shifted, indicating that cells in a period of given sensitivity take longer to 
reach metapha.sl^ w^here they can be observed. Other experimcMits that are less com- 
plete have given indications that the 3-h far-red treatment c..n shift the curve by 
about 2} h showing that it is the time that the material is being irradiated and not 
tlu' total energy tjiat is important. Thest' curves indicate^ that the far-red (dfect 
observ('d is depelide’nt on the time aftei irradiation when the c(dls are .samplc'd. 
If cells are sampled shortly after, tluai it would appear that far red did not increase 
X-ray damage but inch^'d did jirotect against it. If cells were samph^l on the plateau 
(it is difficult to characterize this part of tlK' curve because of an X-ray-induced 
mitotic inhibition that makes it arduous to obtain many cells in division at these 



Fig. I. (airomatid breaks at varying times after X irradiation. O, X ray only: X ray -t 

. of far red. 


times), then the far red would apparently have no effect. If, howev^er, cells are sampled 
as they are in most experiments, after 24 h, then there would be a seeming far-red- 
induced potentiation of the X-ray-induced genetic damage. 

Early interphase, ill which the chromosomes react to X rays as though single, is a 
period of uniform .sensitivity to X rays. Any far-red-induced delay in mitosis therefore 
would not result in any apparent increase in the aberration yield. 

When roots that have cells in the transitional period between the appearance of 
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chromatid and chromosome aberrations are picked, the far-red scries again seems t<< 
be delayed and has fewer cells with chromosome aberrations (Table I). 

CONCLUSIONS 

When lateral roots of Vida faba are treated with far-red radiation for 3 h after X rays, 
an apparent potentiation of X-ray-induced genetic damage as measured by chro- 
matid aberrations can be observed. This seems not to be caused by an increase 
in chromosome breakage or by a decrease in restitution of breaks, but merely by 
a far-red-induced delay of mitosis. Thus, at any given time after X-ray treatment, 
different cells will be sampled if far red is also administered. This can result in a 
decrease, no effect, or an increase in chromatid aberrations after far-red treatment, 
depending on the time at which tlu; cells are samphid. Chromosome aberrations that 
are induced when cells are in a period of uniform sensitivity show no such far-red 
effects. 

Biology Division, Oak Riiigc National Laboratory*, Sheldon H’oi.kf 

Oak Ridge, Tenn. (U.S.A.) H. E. LuiPi-otn 
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Luminescence d’hydrocarbures aromatiques. Applications i la biologie 

La detection ct le dosage des hydrocarbures aromaticpies par fluore.scence ii basse 
temperature possiident des qualites exceptionnelles de sensibilite, de specificite et de 
sdlectivite, qui jxirmettent d’envisager des applications intercssantes k la biologie. 

Nous considererons le cas du 3.4-benzopyrene (j,4-BP) (pie nous avons dtudi^ en 
d< 5 tail il I’occasion d'analyses de fumees de cigarettes. 

ANALYSE QUALITATIVE 

Le spectre de fluorescence ii 20° du 3,4-BP pr^sente b bandes as.sez fines et intenscs 
qui ont p>ermis ii de nombreux auteurs de le d^tecter dans des mdlangcs complexes tels 
que lt?s goudrons, aprfts traitement chimique et chromatographique de ces derniers 
(Fig. i). A — 180°, le spectre se rdsoud cn bandes fines et nombreuses. Cette rdsolution 
est particulidrement remarquable pour les solutions dans lei? hydrocarbures paraffi- 
niques normaux^. Sur la Fig. 2 est reprdsentd le spectre ii - igo° d’une solution dans 

* Operated by Union Carbidci Cori^ration for the United States Atomic ICncrgy Commission. 
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I’octanc normai de 3 . 4 *^^^. obtenu avec un appareillage doj,\ dd^crit^. Plus de 60 
bandes sent enregistr^os. 

Ce spectre tr^s caractd'ristique jK-rmet des identifications tjuasi certaiiu's dans des 
melanges dont la grande complexity t'inpeche d’isoler le 3,4-BP it I’etat pnr». La Fig. 2 



Im^. I. Si)i'ctn*s lie fluort'scencr a 20 d<‘ solutions dans des nirlanges d .‘uviron 70";, do c.yclo- 
hexano ct do 30^;, dobonzeno, do 3,4-bciizopyroni‘ a la concont ration do i /4g/ciir* ot d’lin exlrait do 
funioo do cigarette, obtomi par traitomont chimiqiio ot chroinjilograpbiipio. En onion n (f‘0 : flux 

d’oTuirgio par unite do loiigiiour d'ondo. 

(*n donne un excmple: 1(‘S c()iirb(*s B reprdsentent le spectre? d*une fraction ol)tenue a 
paitir de fiim(>e de cigarette par traitcnient cliimique ct cliromatographique. Ce 
s{X‘ctre prysente 30 bandes cn ytroite coincidence ;i\’ec celles du 3,4-BP. A la tempi'ra- 
ture du laboratoirc, la meme fraction donne un sp«!ctrc moins caractyristiqu<;, bien 
quo dyjk as.sez .significatif (Fig. i). 

’La fines.se et I’intensity des bandes i ba.s.se tempyrature permet de dytecter le 
3,4-BP au sein d’une plus grande proportion de n,. langes complexes qu’i la temijyra- 
ture ordinaire. Ceci permet de diminuer le nombre des opyrations de fractionneinent 
prealables a la dytection. 

La sensibility de cette technique dypasse de 10 a 100 fois celle de la technique clas- 
sique. lo //g de 3,4-BP/cm3 sont facilement dytectys et 10 ® //g par cm® donnent 
encore un pic dycelable h. 4030 A. Cette sensibility est telle qu’il faut purifier tres 
soigneusement les solvants utilisys et prendre de grandes prycautions pour eviter les 
contaminations accidentelles par des traces de 3,4-BP. 
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Fig, 2, Spectres de tluorcsceivce \ — 190° de solutions dans V octane. Courbes A: 3,4-l)enzopyrenc 
i /Jiglcm?. l-es ordonnecs dcs courbes Az el A3 sont multipUiSes par 15 par rapport a cclles de la 

&•. <iR. <iR. AmvIl \t‘ speetT? de ibraescence ^ 2t? es*i 

reprdsent^ sur la Fig. i. Les orclonn^es dcs courbes ’iz et U3 sont muliiplieos par 13 par rapport h 
cellcs de la courbe Bi. En ordonnde: Flux d'dncrgie ^mis par rechar lillon d ins J. s bandcs spcc- 
trales Isoldes par le monochromateur, pour des enregistrements a fente', constantes. 
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ANALYSE QUANTITATIVE 

Notre travail a consiste principaloment a rendre cette m^thode de detection quanti- 
tative. En effet, les dosages par fluorescence prc^sentent certaini's difficultt^s qui ont 
empeche jusqu'a present qu’ils soicnt utilis<5s couramm(*iit : d’une part, le rendement 
de fluorescence d*une substance pent etre fortement influence par la presence de 
substanc'es etrangeres, d*autre part, aux fortes concentrations, le flux re^u par le 
recepteur peut ne pas etre proportionnel a la concentration. Les comparaisons avec 
line solution cHalon donnent done des resiiltats incertains. 

Avec la technique que nous utilisons et (pii dtTive de celles utilisees par d’autres 
auteurs^ on a obtenu sur un exeinple pratiipie une precision ineilleure que 10%, 
TTialgre les complications (ju'entratne la ba.sse tempihalure (non n‘produclibilit6 de 
I'intensite de fluorescence d’un ecliantillon a Tautre, congeles a partir d'une meinc 
solution). 

(a) Technique* 

(i) On diluc la .solution a doser de fai^on a rediiire h . influences des substances 
etrangeres el a se placer dans uni' zone de dilution oii li'S reponses sont proportion- 
iielles a la concentration'*. 

( j) On i^nepdi e ie.s .solutions suivantes : 


Solution 

SolulwH a doser 
dt/iur 

B fw‘ di solvant 
lonicnuni 

» (htane 

1 

A ('in3 

pas de 3,.1-Bl* 

cm» 

11 

A cni« 

s/ig de 3,4- JiP 

C cm 3 

in 

A ern^* 

js/«g de 3,4- UP 

(* cm“ 

IV 

A ciii^ 

4 S//gdc 3 , 4 -in> 

C' cm® 


En procedant ainsi, le 3,4-BP ajoute subira les meme^ influences des .substances 
etrangeres que celui qui s’y trouve deja*\ 

( 3) On mesure, a - 190°, pour chaque solution, remergenct* du pic de fluorescence a 
4030 A au dc.ssus de la f]uore.sccnce de fond. On fait cette mesure apres avoir ajustd k 
4005 A, par un rcglage de la tension d’ alimentation du photomultiplicateur, la devi- 
ation du galvanometre a la memo valeiir pour les 4 .solutions. La fluorescence du 3,4- 
BP ajoute etant en general negligeable, a cette longueur d'onde, par rapj)ort a la 
fluorescence des iinpiiretes, on compense ainsi partiellement des ecarts dus aux diffii- 
rences dans les conditions de congelation de chaque ecliantillon, car on peut remaniuer 
que, si les inten.sitcs de fluorescence no .sont pas reproductibles, les rapports des 
intensites aux diftoentes longueurs d’ondes varia nt peu d'une congelation a I'autre 
d’une meme solution. 

f4j On porte sur un graphique, en fonction de la surcharge de 3,4-BP, les hauteurs 
des pics ainsi mesurfe. Les points obtenus s’alignent en general c\ .L 5% pros. On 
trace la droite la plus prochc do ces points. La (juantite de 3, 4- BP contenuc dans la 
solution I cst (Jounce par la valeur ahsolue de l’ab.scis.se de I’intersection de cette droite 
avec Taxe des surcharges. 

* I^ 3 ur Ics details de la technique de dosage voir Muel et Lacroix*. 
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(b) Precision 

Un goudron a 6t6 ddbarrass^ du 3,4-BP qu’il contenait, par chromatographic. On 
y a alors ajoutd 1/20000 en poids de 3,4-BP pur. Plusieurs dosages par la m6thocU 
d^crite ont donn (5 des erreurs infdrieures ^ io" 4 . La in^thodc, moins sure, de simple 
comparaison avec une solution etalon a cependant donn(? la memo precision sur cct 
exemple particulier, condition d’utiliser dos solutions extrcmemont dilutes, ce ()Hi 
rend alors les manipulations tres d^licates en raison du danger des contaminations. 

APPLICATIONS 

(a) Fimee de cigarette 

De nombreuses applications ont dte faites dans ce domaine. Elies sont relatives dans 
la these de Monsieur Hubert -Habart^. On trouve 10 •^//g de 3.4-BP par cigarette. 

(h) Alcools distilles destines a la consommation 

Nous avons pu caracteriser d’unc fa(;on incontestable du 3,4-BP dans dc-s (!'chantil- 
lons d’alcooLs divers. Un dosage dans le kirsch a donne!; 5 *. 10 '‘/tg de 3,4-BP par cm^. 

(c) Eau du rheau de dtstrihulion urbain 

Nous n'avons pu d(f-tectcr, dans rechantillon analy.scS auctine ([uantite notable de 
3,4-BP. On peut affirmer qu’il contenait moins de 10 » //g de 3.4-BP par cm^. 

(d) DHection des metabolites li As aux proteines apres hudigemmage d’livdrocarbtires sur 
la pcau de souris 

Nous nous sommes demand^s si la flubresc<mce a basse tempt'rature ne pourrait pas 
permettre de detecter et de caracteriser les triis petites quantitf'-s de metabolites qui 
ont ete trouv6cs, par la mithode des < 51 j 5 mcnt.s martiucs, litn^s aux proteines C(*llulaires, 
apres badigeonnage par des hydrocarbures aromatiques de la peau tie souris. 

Des essais dans ce sens ont t 5 te entrepris, en collaboration ave« Monsieur et Madame 
Daudel et sous la direction de Monsieur Latarjet. T-es premiers resultats montrent 
quo la techni(|ue de fluorescence i basse temperature permet d'obtenir plus d’infor- 
mations que la technitiue classique de fluoie.-oence a 20°*. Des .spectres assez detaillds 
ont < 5 t <5 obtenus et leur tStude est en cours. 

Laboratoire Pasteur de I'Institut du Radium, Bernard Ml'el 

Paris ( France) Genevieve Lacroix 

Lucien Mii-icsE 
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Area intensity relations in human dark-adapted vision 

Studies of visual acuity with free eye movements and long exposures^ ® have shown 
that the retinal region mediating the best acuity shifts from the more coarsely struc- 
tured peripheral retina to the fovea as the light intensity rises. Spatial summation of 
light energy (c.g. ref. 4) is more extensive, and the absolute light threshold lower*^, in 
the mon? peripheral parts of the visual field. If visual acuity and the absolute thresh- 
old depend on some form of spatial organization of tlie receptors then comparison 
of the two functions under tlie same conditions in the same eye, using corresponding 
test ol)jects. is important. The method of fixation and brief (2 b msec) flash allows 
study of a particular ec('en tricity of the vi.suai field with in.iximal spatial siunmation® 
and constant full dark-adaptation. 

Strictly, visual acuity involvc's th(‘ resolution of the deta.ls of a test object, but 
Pirt'nne'^ introduced the detection of a black di.sc against a bri(‘fly lit, but otherwise 
dark, background as a major simplification of the visual acuity task, and this is the 
opposite case to tlie detection of a brief flash against zero intensity background, 'riiiis 
the visual system is kept in a state of full dark-adaptation and has to detect either a 
minimal amount of excitation du(‘ to a light target (absolute threshold task) or a 
minimal lack of excitation due to a dark target (simple scotopic ac uity task). 



I’iK. 1. Area-int(Misity relations at 20" temporal retina. Absolute threshold n*sult.s as empty 
circles, o. Scotopic .acuity results as filled circU?s. • and O 


It may here be helpful to introduce a unit hypothesis'^ ** which stems from the 
Ciirlier theory of SeJig Hecht®. Hecht po.stulated that the receptor thresholds are 
distributed in a Gaussian fashion and that there is therefore recruitment of receptors, 
and rise in acuity, with intensity rise. The modern theory stresses in.stead the impor- 
tance of the inevitable quantum fluctuations in the stimulus itself and the spatial 
summation between the effects of tlie absorbed quanta. Considering a given peripheral 
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region, recruitment does occur, but as probability recruitment of units, perhaps siniil;):- 
in threshold, and composejd of a great many rcceptore. At very low intensities tic 
probability of any unit absorbing its threshold number of (luanta is small yet, b\- 
chance, a few of the many units do reach threshold. A black disc must be larger than 
the naturally occurring dark gaps between the excited units if it is to be detected at all. 
As flash intensity rises more units respond, the dark gaps .shrink and smaller discs 
become visible. If a large dim field contains only a few excited units its shape cannot 
be properly known. Confusions between large circular and semicircular fields in the 
ptiriphery do actually occur at threshold.^" 

At 20 ° from the fovea the scotopic acuity versus flash intensity curve is divided by 
a pronounced break into two principal limbs. Tlu' break (i°-i.2° disc diameter) is ol 
the same order of size fis the complete summation area for the absolute threshold 
(l°-2° diameter). The first, or lower, acuity limb has, for ni.scs larger than 2° diameter, 
much the same area-intensity relations as the absolute threshold for large flashed 
fields. For discs smaller than 2° this limb de\’iates rapidly to higher intensities, reach- 
ing its maximum acuity at the break between tlu; two limbs. Tlu' second, or higher, 
acuity limb extends from the break to the final, maximal, acuity plateau^* and is 
displaced to much higher inb’nsities than the absolute threshold intensities of the 
corresponding sizes of fields, i.c. fields for which spatial summation is complete. The. 
second limb has a distinctive character; subjectm' changi's in disc appearance occur 
over its intensity range and preliminary experiments suggest that it is less si'nsitive to 
weak light adaptation than is the first limb. 

One might postulate firstly, that the complete suinmation area gives some measure 
of unit size, and secondly, that a unit caninit detect a dark object nmch smalh'r than 
itself. In view' of the |K)Ssible comple.xities of visual mechanisms the agreement be- 
tween the complete summation area and the ataiity break is remarkable. This fact 
suggests, together with the initial pacdlel between the first limb and absolute thresh- 
old and also the, low intensities (one (luantiim absorbed per several thousand receptors) 
at which the first limb arises, that the absolute threshoUi and first acuity limb repre- 
sent the probability recniitment, by increase in area and intensity respectively, of low' 
quantum threshold units of about i° in size. Overlap of re cejdive fields with sharing of 
receptors can scarcely affect the relation i. -tweim summation, maximum acuity and 
unit size. There remains the jwssibility that .> unit sh.adowcid by a disc-, smaller than 
itself will give a nervous response significantly smaller than that of unshadowed units. 
The rough agreement between summation area and acuity break suggests that the 
contribution of such a mechanism is not very grc'at. 

So far as the second limb is concerned two possible mechanisms may be considered : 
suprathreshold activity of big units, the recruitment ol which is supposed to produce 
the first limb, or probability recruitment of small units hitherto inactive because their 
small size limits their ability to capture a threshold number of quanta at low intensi- 
ties. It is unlikely that the change from incomplete probability recruitment of big 
units to suprathreshold activity would be sufficiently marked to produce a distinct 
break of the observed size. 

Previous w’orkers have studied either the higher or the lower acuity ranges but not 
the region of the new break described here. 

Pirenne’ used disc test objects with diameters of more than i°. Under slightly 
different conditions he noted the probable existence of a small break at 2 ° disc diam- 
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otcr and was able to fit his results to curves shewing the probability, at any inten- 
sity, of the disc covering a unit that would otherwise have reached its threshold of 
4-ioquanta. The present results do not fit these curves and it seems that flash duration 
or individual differences between subjects can exert marked effects on the slope of 
the first limb. 

Mandelbaum and Sloan used Landolt C test objects with gaps subtending angles 
of less than 1®. They were able to demonstrate a change from rod to cone function 
just before the final acuity plateau was reached. 

One may conclude that there is some evidence that the recruitment of units with 
lar^e summating receptive fields is one of the mechanisms of peripheral dark-adapted 
/ision, though the interpretation of these units in terms of neurons is not yet possible. 

I'lic investigation was supported in part by a research grant B-iiSio from the 
National Institute' of Neurological Diseases and Blindness, United States Public 
Ih'alth Service. The apparatus was built with the help of a grant from the Nuffield 
Foundation. 1 am indebted to Dr. M. H. Pirenne for facilities and advice and to Prof. 
E. G. T. Liddell for a maintenance grant. 
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Comparative kinetics of the photosynthesis and whole-cell Hill reaction 

of Chlorella* 

INTRODITCTION 

h lias suggested l>y many workers that the photocliemieal imidiietion of oxygen by 
photosynthesis and by the riill reac tion must share common reaction pathways, at 
least in part. However, ndatively little comparative* work on tlu* kinetics of oxygen 
i‘Volution in the two processes has been published. It is difficult to make comparative 
ineasurements using lea\’(‘s and i.solated chloroplasts ot higher plants. Th(‘ best system 
a|^p<‘ars to be the idiotosyn thesis and whole-cell tpiinonc* Hill n^action* of unicellular 
.ilgac* such Chlorella. 

Cl(Mi(U‘nning and Khrmantraiit- found that higher light inten‘‘'itu\s wen' nHpiired to 
saturate' the Chlorella Hill reaction as compared to photosyntht'sis of the samt' cells, 
riu' period of th(' limiting dark reaction in flashing-light m(‘asuremc*nt was about tiu* 
same in each ca.** vct. Ehrinantraut and Rabinowitch** showed that both the 

maximum yield per flash and the quantum x ield were the same for the two proces.ses, 
but that till' shapes of the light-saturation curves undi'r steady-state conditions were 
difli*r(*nt. Whittingham ^ also observc'd this latter relationshij). 

FrascT"’ found that Chlorella photosypthe.sis was much more' sensitive to iodoacet- 
aniide and iodoacetic acid than the (piinone Hill n'ac'tion. Hu/isig(‘‘' examinc'd the 
comparative effects ol hydroxylarnine, azid(', cyanide, and 24-dinitrophenoI on 
Chlorella photosynthesis, Hill reaction and “catalase ac'tivity’*. llydroxylamine 
inhibited both photo.syntlK'sis and the Hill reaction at (essentially the same conci'ii- 
tration range. Azide inhibited bc^th, however the “ord(T’' of the? inhibition was two for 
phot (^synthesis and one for the Hill ivaction. (Vauide inhibited photosynthc'sis but 
not the Hill reaction, while dinitrophenol inhibited both. 

This pajHT j)re.sents the results of .some preliminary studies carried out in our labora- 
tory on the c(3m})arative kint'tics of oxygen ('volution by ('hlorella during photosyn- 
the.sis and during the whole-cell (luinoiu' Hill n'action. 

MATERIALS ASU METHODS 

All of the experiments rep(jrte(l hen* were carri('d out with ( hlorella pyrenoidosa 
(Emerson strain-type D). Tin* algae were cultured under controlU^d conditions in a 
modified Knop's solution at 25 * in flasks aerated with 3% carbon dioxide in air. 
Illumination was provided by Sylvania “cool white” fluoresc(;nt tubes. The cultures 
were grown under continuous light for six days followed by six cycles of 12 h each of 
light and dark to provide “synchronized cultures”'^. 

Rate measurements of the oxygen evolved in photosynthetic and Hill reaction 
systems were made manometrically using rectangular vessels and a water bath 
equipped with General Electric 150 watt reflector-spot lamps arranged to illuminate 
the reaction vessels from below. All comparative measurements \wrc made using 
aliquots of the .same suspension of algae. Photosynthctic reaction systems contained 

* Thi.s work wa.s .supported by the U.S. .Atomic Energy (‘ommission under Contract .\T(r i-i)-875. 
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2.0 ml of algae suspended in Warburg No. 9 buffer plus i.o ml of distilled water 
inhibitor solution. Hill reaction systems consisted of i.o ml of algae (at twice tii.' 
concentration used in photosynthctic experiments) suspended in distilled water, i ) 
ml of 0.012 M /(-benzoquinone dissolved in pH 6.8 phosphate buffer, and 1.0 ml of 
distilled water or inhibitor solution. 


RESULTS 

The interactions between the effects of oxidant concentration, pH, light intensity, 
temjjerature, inhibitor concentration, etc. on the rates of oxygen evolution in algal 
photosynthesis and Hill reaction are exceedingly complex. Only a few cxanjples of 
the experimental results can be prestmted in the space available. 

As previously observed by others, />-benzoquinone was found to be a much better 
oxidant than ferricyanide with fresh whole cells. The Hill n'action rate at high light 
intensity was strongly dependent on oxidant concentration. The rate was maximal 
at approximately 4 • 10“® .1/ quinone, and fell off sharply both above and below this 
concentration. The same general behavior has been observed in this laboratory with 
the Hill reaction of the isolated chloroplasts of higlier plants. It may be that this 
phenomenon results from an uncou])ling of the Hill reaction and photosynthetic 
phosphorylation by the oxidant", although little is known about uncoupling processe ; 
in whole cells. At high light intensity the algal Hill reaction rate was maximal at 
approximately pH (>.5. 

At saturating light intensities, and at temperatures of 20-30", the rates of oxygen 
evolution were essentially the same for photosynthesis and for the Hill reaction. The 
shapes of the rate vs. light intensity curves were (|uite different, however, with photo- 
synthesis approaching saturation at much lower light intensities than the Hill reaction. 
The temperature coefficient for the rate-limiting dark reaction of photosynthesis (as 
observed at saturating light intensities) was greater than that for the Hill reaction, 
with the exjwrimental activation energies being about ii kcal for the former proci'ss 
and 8 kcal for the latter. The quinone Hill reaction system was rapidl5' and irreversibly 
inactivated at temperatures of 30" and higher, (while photosynthesis could bo measured 
up to 40°. 

The herbicide CMU (/>-chlorophcnyl-i,i-difnethylurea) was a potent inhibitor of 
both photosynthe.sis and the Hill reaction of ( hlordla, although the intiTactions of 
CMU concentration, light intensity and temperature on reaction rates were (juite 
different in th<! two reactions. CMU inhibited photosynthesis and the Hill reaction at 
both high and low light intensities ; the inhibitory effect was greater at low intensities. 
The general shape; of the light saturation curves for photosynthesis was the same for 
both control and CMU-inhibitcd algae. In the case of the Hill reaction, however, 
CMU inhibition was so much greater at low light intensities that the curves for in- 
hibited algae were sigmoid rather than hyperbolic. CMU inhibited both photosjm- 
thesis and the Hill reaction completely at concentrations much lower than the 
“average” chlorophyll concentration in the reaction .system. 

Department of Experimental Biology, John D. Spikes 

University of Utah, Salt Lake Citv, Utah(U.S.A.) Oeralu N. Fassell 
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Transient fluorescence changes in chloroplasts during the 
photochemical bleaching of chlorophyll In vivo 

Tlio intense exciting light n'quired foi observation of c‘hloro|)liylI ilistribution in vivo 
by flnoresc(‘nce mieroscopy, causes, during photochemical bleaching, some striking 
changes in tin* .spectral character of emis.sion. Th(‘S(‘ changes, whicli do not occur in 
oxygen deficient cells, involve the d('V(‘lopment of a bright yellow fluon'scence follow- 
ing a rapid d('cay of the normal red fluoresceme. Oxygen deiicienl cells remain un- 
bleached and aj)K'ar unimpain'd by the intense light through contimu'd normal 
protoplasmic streaming or flagellar motion in appro])riate sp('cit‘S. Aeratifd cells, on 
the other hand, .sliow irrevtTsible (dfects of injury aft(T development of ytdlow fluo- 
rescenc(‘. I'hat the spc'ctral changes are confined to chlorophyll sit(\s within tluj chloro- 
plast is confirnu‘d by comparison, through' pliotograi)hy, of the red and yellow 
omission images and the chlorophyll alxsorption im.ige at 4358 A. 
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big. I. StH[m*iiCf (jf typical changes in the* emission spc*clriim of rhloroplasls dicing photoclieniicul 

bleaching. 

In an earlier report of the foregoing effects^, we included spectral emission curves 
measured by means of a rapid scanning microspc'ctrofluorimeter designed for the 
purpose^. The intenst^ exciting light (2-3 W/cm^ on the specimen) produced by iso- 
lating the 4358 A region from a 200 W mercury arc was excluded from emission by 
suitable cutoff filters transmitting down to 4850 A. In order to prevent uncontrolled 
oxygen deficiency, specimens of Elodea wore perfused while those of (jhloreUa and ' 
Cuglcna were suspended in liquid films or droplets. 
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Typical examples of data are given in Figs. 1-3. Fig. i shows the general charactf v 
of spectral changes in emission during bleaching in an airsaturatcd medium. Fig. ^ 
shows the time cour.se of emission at the selected wavelengths of 680, 630, and 578 m// 
along with that of relative transmission at 435 m/i. The red fluorescence peak shows :> 
rapid initial decrease during the induction period of bleaching and the development (jf 
yellow fluorescence. (Prolonged light exposure attenuates the yellow fluorescence). 

Following a decay of the red peak to nearly 10% of the original level, almost com- 
plete recovery can occur during several minutes of dark. Recovery from greater decay 
is inversely proportional to the degree of bleaching and yellow fluorescence developed. 
Reversal of bleaching and yellow fluorescence in the dark is rarely observed. 
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Fig. 2. Time course of emission at selected wave lengths, along with relative transmission. 



time IN SECONDS 


J^'ig. 3. Same as l^^ig. z but in the absence of oxygen. 




In the absence of oxygen (Fig. 3) no bleaching or yellow fluorescence develops and 
the red fluorescence, after recovery from an initial slight decay, remains unchanged. 

All of the effects shown in Figs. 1-3 can occur in the j)resencc of numerous narcotics 
and poisons, and in the intact chloroplasts of cells which have been immersed in 
boiling water. They do not appear, therefore, to depend on the cellular integrity 
required for normal metabolism. In preparations which dry out during observation, 
however, spectral changes cease and fluorescence disappears. 

The occurrence of spectral changes ;is a primary effect of heat injury is unlikely 
in view of the lack of injury in oxygen deficient cells where energy absorbance remains 
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at maximum*. Furtlici*more, spectral changes are not diminished in preparations 
cooled by rapid perfusion. 

Energy in the region of the red absorption of (‘hloro])hyll (6780 A) also produces 
the changes caused by the 4358 A region. This eliminates the possibility of the specific 
action of spurious ultraviolet energy and also limits the pigments directlv inv^olved 
to those absorbing in the red region. 

Recent preliminary findings bear on the identification of tin* y«ilow fhiores('ent 
material, hew known native chloroplast constituents conform to ro(|uisite properties of 
absorption and emission. The yellow fluoroseenct' obser\'ed in total pigment <*xtraets 
is \’ery \v(‘ak and that observi^d in chlorophylls a and h is hardly measurable. The fro- 
(jiuint observation, howev'er, of more intense yellow fhiorescencc occurring on foreign 
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4. S(’<pi<*ncc of typirjil changes in tin* cinis- 
sion spectrum of chl(jroi)hylU/ adsorbed on 
silic.a gel. 



I'Ik- 5 1 with intensity seal 

expa: (’ *(1. 


particles in extracts suggested that adsorption on surfaces might enhance the (dfect. 
Silica gel was chosen as an ideal adsorbent on the basis of earlier fjuenching studies® 
and more? recent photobleaching expcTimcmts'* using chlorophyll adsorbed on that 
mattTial. Accordingly, crystalline purified chlorophyll a**'* was dissolved in pyridine 
and adsorbed on activated silica gel. Under similar optical conditions employed in the 
observation of chloroplasts, the gel particles (mean diameter 150 /j,) show initially a 
bright red fluorescence. This is replaced rapidly in air by a bright yellow emission 
similar to that of chloroplasts (Figs. 4 and 5). C(. .riniied excitation leads to gradual 
disappearance leaving the v'^ery weak greenish background observed with pyridine 
alone on silica gel. Recovery and bleaching is similar to that in chloroplasts (bleaching 
is more difficult to observi* due to the very thin layer of adsorbed chlorophyll). 

The similarity of photochemical events in chloroplasts to those occurring in chlo- 

♦ Since the rc'gion of the .source i.s excluded by coppt^r sulfate solution, energy absorbed at 
*1.358 A by siisiiended cells is free to escape to the surrounding, nonabsorbing aqueous medium. 
** From samples kindlv' provided bv Drs. Frurnit and ( olinano of R.I.A.S., Haltiniore, Md., 
l-'.S.A. 
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rophyll aggregates on silica gel is significant with respect to the possible functiomil 
role of pigment surfaces of monolayers in the chloroplast. Evstigneev and Gavrilov;i.“ 
have stressed this role in a study of photosensitization by colloidal aggregates of 
chlorophyll. The formation of an inten.se yellow fluore.sccnt material in purified 
chlorophyll a preparations via spectral changes nearly identical to those observed in 
chloroplasts, confines the reactants involved to those occurring in such purifu'd 
extracts. In view of no known (jualifying native impurity as a reactant, and, in view 
of the profound changes in the optical properties of chlorophyll that occur, it is 
suggested that chlorophyll in intense light combines with oxygen to form an accumu- 
lative end product with a fluorescence near 560-570 m^. (In support of the formation 
of a labile peroxide is the physical injury effect oKserved in living cells during the 
course of development of yellow fluorescence.) Since thc.se results are preliminary, 
and serve mainly to identify the yellow emission, an adequate hyjxjthesis to account 
for the sequence of events and the physical state of the pigment complexes in\'olv(!d 
awaits further investigation. Tht; study of such a system, however, should add to the 
present knowledge of reactions involved in bleaching and other photochemical prop- 
erties of chlorophyll in chlorophusts, 
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Carotenoid protection of porphyrins from photodestruction* 


KmMitly there have been a number of inv'estif(ations with unicellular organisms 
illustrating that carotenoids protect against cell death or chlorophyll destruction 
Koski and Smith have rejiorted that an albino mutant in corn, white-3, forms proto- 
chlorophyll and chlorophyll. However, the chlorophyll was destroyed upon continued 
illumination. 

This report summarizes our studies with this so callt‘d albino mutant. When tlie 
mutant seedlings arc grown in the greenhouse they contain no signs of colored carote- 
noids, but, instead, they accumulate large amounts of phytoeiu*, a precursor of colored 
carotenoids which has absorption maxima in hexaiur' of 275, 2S5, and 297 m/i. The 
cxperimtMits on photosensitivitj^ of chlorophyll and catalase of mutant and normal 
seedlings were made on seedlings which had been germinated and grown in the dark 
for 7-10 days. Each determination consisted of f) whole' plants which wc'H' placed in 
250 ml suction The flasks were twice evacuated in the dark and each time 

n -fihed with either air or nitrogen. The jdants in the flasks were illuminated with 
1500 ft.-c. of light produced by a bank of tungstcui filament lamps. After the exposure 
period, kiaves of the plants wen* removed, weighed and immediately ground using a 
mortar and pestle, with 80*)^ acc'tone and a litth' sand, riiis was for (iilorophyll 
determination. Catalase was measured by the method of ix'rmanganate*'* titration of 
U2O2. 

As reported by Koski and Smith^, dark -grown mutant seedlings contained as much 
and usxially more protochlorophyll than did normal sec‘dlings. The protochlorophyll 
of both types of seedlings was readily convertc'd tf) chloropliyll upon exposun* of the 



Fig. i. Photostability of chlorophyll in whitc-3 and normal seedlings. 

* Journal Paper No. J-39T4 of the Iowa Agricultural and Home Rconomics Kxperiment Station. 
Project Nos. 1423 and 1381. 
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seedlings to light. The results of exposing mutant and normal seedlings to light undi r 
various conditions are reported in Fig. i. Chlorophyll in leaves of the mutant w.is 
completely destroyed when seedlings were illuminated in an atmosphere of air. Und- r 
anaerobic conditions, however, chlorophyll in the mutant was stable to high light 
intensity. When leaves in normal seedlings were illuminated in air, there was an initiiil 
decrease in chlorophyll content for the first 20 min followed by a stabilisation and 
eventually an increase in chlorophyll content. It was suspected that this phenomenon 
might parallel the conversion of chlorophyllide a to chlorophyll a. Studies showoti 
that most of the pigment which was formed after one minute of light by the normal 
plant seedlings was chlorophyllide, and in a subsequent longer dark period, it was 
esterified to form chlorophyll. Seedlings treated so as to contain mainly chlorophyllide 
or chlorophyll a were exposed to light and the stability of chlorophyll measured. It 
was found that chlorophyllide was more unstable than was chlorophyll a. 

Catalase of the carotenoidless mutant was also photosensitive. Under aerobic 
conditions catalase activity of mutant seedlings slowly declined during 8 t\ of light 
to one-third of the initial value. Catalase activity of normal seedlings was not affected 
by this treatment. Again, under anaerobic conditions, catalase of the mutH..t wa.s 
stable to light. 

Whitc-3 seedlings germinated and grown under dim light {0.5 ft.-c.) become blue- 
green. Carotenoid pigment analysis shows that the seedlings contained pbyloene, 
phytofluene, and f-carotene in the following amounts; 120, 32, and 17 [ig per g of 
fresh weight, respectively, and 30 ng of chlorophyll. Chlorophyll, C-t-i^rotene, and 
phytofluene, arc all destroyed within 15 min when these seedlings are exposed to 
bright sunlight. Tlie rate of destruction of the three pigments appears tojje similar. 
Phytoene is not destroyed by sunlight. This is probably due to the fact that only 
trace amounts of light of the wave lengths absorbed by phytoene come through the 
earth’s atmosphere. Protein in the seedluigs also would screem out light of this <iuality 
and thereby protect phytoene. 

The above results indicate that C-carotene, phytofluene and photocme of this mu- 
tant are not capable of protecting chloroph}'!! from photodestruction. One must realize 
that these carotenes are comparatively highb' saturated and are present only in trace 
amounts. With respect to this phenomenon, we’" have found that a temperature sensi- 
tive mutant of com, which under high temperi-.ture contains one-tenth the normal 
amount of jj-carotene, is not able to protect against the de.struction of approxi- 
mately two-thirds of its chlorophyll when illuminated with as little as T15 ft.-c. of 
light. 

Leaves of the mutant and nonnal seedlings were imbedded in paraffin and sectioned. 
The chloroplasts of the mutant appeared to be of the same size and to be as numerous 
, as those on normal seedlings. A green colored pellet containing chloroplasts could be 
sedimented from a buffered isotonic extract of the niutiint. These chloropkists were 
capable of carrying out the Hill reaction a.s' measured by ferricyanide reduction’. 

In summary, there is a metabolic block in carotene biosynthesis in white-3. The 
block allows the formation of some ^-carotene but this carotene, or the amount of 
it formed, is not able to protect chlorophyll from photodestmetion. Chlorophyll and 
chloropla.st formation by the mutant appears to be normal, but its chlorophyll and 
catalase are destroyed by high light intensities under aerobic conditions. Under 
anaerobic conditions, however, these porphyrins of the mutant are stable to strong 
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light. The results support the thesis that an important role of colored carotenoids is 
ilie protection of chlorophyll and other porphyrins from photodestruction. 

rhis work was supported in part by a grant from tlu* National Science Foundation 
i(i-()452). We gratefully acknowledge this support. 
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Is the induction phenomenon of Chlorella fundamentally different 
from that of most other plants? 

One of us has previously investigated^ ^ tlie ph(*tosynth(^sis ('Og-time curves of 
different spc^cies of plants, mainly nio.sses, by inc^ans of the gas thermal conductivity 
inetliod. Most of these tin locurves showed an induction peak, i.e. a p(*ak corresponding 
to illumination of about half a minute. A small numlxT of s])ecies did not react in this 
way but had gradually inen^asing time-curves Ihroiigliout tlu^ first few minutes of 
illumination. 

A third type of CO-i-time curve was found by limcTson and Levv'is'* in experiments 
with ( Jilorella pyrenoidosa. Here the reaction upon illumination was neither a sudden 
short uptake of carbon dioxide (an induction peak), nor a ge’^tle slope of thv, time- 
curve, but a burst or gush of carbon dioxide. This discovcTy has been confirmed by 
several investigators among whom van der Veen^ furtht'r demonstrated a similar 
reaction on sudden illumination for anotluT green algae. Urolucocctts olivaecetts. The 
carbon dioxide burst from Chlorella has been investigated in further detail by Browm 
and Whittingham«, who also observed the same reaction in a third species of green 
‘algae, Scenedesmus ohliquus, and by Hiller and Whittingham®, who dciinonstrated 
that only certain strains of Chlorella pyrenoidosa give off carbon dioxide on illumi- 
nation. 

In the Chlorella investigations mentioned above, the plant material was cultivated 
in a liquid medium through which bubbled carbon dioxide-enriched air {ca. 4-5% 
CO2). The measurements of the photosynthesis were made in a similar C02-conc(m- 
tration. As far as the authors are aware only tw'o exceptions to these experimental 
c,onditions have b(!en reported: McAlister and Myers' investigations^® of 194^ 

Gaff ran* s report of 1957. In the first case the Chlorella was grown in flasks through 
which bubbled either air or air containing 4^0 CO2, but the photosynthesis was studied 
in air containing 0.03 to 0.33% CO2. In the second case ‘'air stream grown Chlorella" 
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was used. The photos5mthesis-time curves obtained under these conditions did noi 
show any sign of a CO2 burst at the commencement of illumination. 

We decided to investigate more thoroughly the influence of carbon dioxide con 
centration on the C02-gush in Chhrella. In our first e.xperiments we used algae culti 
vated in a liquid aerated with 5% CO2. On measuring their time-curves in air con 
taining 3 ‘/o CO2 we found the familiar burst of carbon dioxide immediately followiii}; 
the commencement of illumination (Fig. lA). However, using algae from the same 
culture and measuring the photosynthesis in atmospheric air containing only 0.03".,, 
CO2, we obtained quite different results (Fig. iB). The time-curve increased gradually 
throughout the whole illumination jieriod ; no C02-gush appeared and there was no 
sign of a peak. 

In a previous investigation using moss plants it had been found to be an cxpt'ri- 
mental advantage to mea.sure the time-curves in alternating light and dark periods*. 
The Chhrella experiments were conducted on similar lines (Fig. 2C). Here again the 



I. l^holosynthesis-'timc curves for Chlorella pyrenoidosa cultivated in a liquid miidium 
through which air enriched with 5% ('02 was bubbled. 'Fho mcasiin'ments were made in atm. air 
(B) or in air -}- 3% CX)2 (A). In the measurements corresponding to curve B the sensitivity of the 
apparatus was greater than in those corn\sponding gmtwq \ . Ordinate \ carbon dioxide uptake in 
arbitrary units; abscissa', tinu^ in min. Black and whi'o areas indicate dark and light periods for 

the plant material resiioctively. 



Fig. 2. Time curves for Ch. pyrenoidosa cultivated in liquids aerated either with air + 5% CO2 (C) 
or with atmospheric air (D). Both curves are measured in air -f 3% CO 2. Units as in F'ig. t. 
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iilgae were cultivated and measured in high concentrations of carbon dioxide. Light 
periods of one min duration were followed by dark ])eriods of decreasing lengths 
(iS, 4, 2 min and 75 45 sec respectively). As had been .shown b}* Emerson and Lewis* 

and by \'an der Veen’, the CO-j-bursts diminish with decreasing dark perio<ls before 
illumination. 

Using algae grown in a solution aerated with atnio.si)heric air instead of algae 
cultivated in air containing 5".;, CO-., and making tin* measurements in air containing 
3'’o ('O 2 . we found the time-curve to be divergent (Fig. 2I)). Both the ('Oa-gush and 
the induction peak failed to appear when the experiment was carried out under these 
conditions. 

As a result of our cxiieriments we can conclude that in the strain of C Morelia 
ffYrenouiosa cmploycxl it is possible to demonstrate a burst of carbon dioxide imincdi- 
at(‘ly following illumination after a few minutes of darkness. However, this burst 
occurs only if the following conditions are met; a) Tht“ plants must have been culti- 
x ated in a lic|uid medium through which air enriched with carbon dioxide (about 
4-5‘’ii) js bubbled and b) It is neco.s.sary to make the measm.nu'nts of the photo- 
sj nthesis in an equally high concentration of carbon dioxide. If either of tiu'se con- 
ditions is not fulfijlcd the photosynthesis ('Oj-time curve of C/ilorella shows no sign 
of a ('Oa-gush. '‘■ 

In the strain of C Morelia di.scus.sed an extraordinarily large amount of carbon 
dioxidi' accumulates in the plants under the expi-rimt'ntal conditions given above. 
Measniements of the oxygen e.xchangi' have shown that immediately upon illumi- 
nation the ('Morelia plants start e\-oIving oxygen in sriitc* of the apiM'arance of a simul- 
taneous burst of (’Oa. Thus the plants start photosynthesizing instantly ujwn illu- 
mination; clearly this involv’es a disturbance in the carbon dioxide ecpiilibrium and 
results in a discharge of the ac.cumulatt!d carbon dioxide which manifests its('lf as 
the carbon dioxide gush. 

The C Morelia strain used docs not seem to show any induction phenomena under 
natural conditions. Only if the plants are under the influence ol t xtraordinarily high 
concentrations of carbon dioxide docs a very sj)ecial induction phenomenon, i.e. the 
('Oa-burst, appear. 
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The use of ultraviolet irradiation in studies of the mechanism of 
oxidative phosphoryiation* 

The effect of U.V. light on isolated mitochondrial systems has been studied as part of 
a departmental project concerned with the alterations of living systems brought 
about by such radiations. The results of such studies on isolated mitochondrial 
systems indicate that U.V. light may be employed as a valuable tool, or a phy.sical 
"scalpel”, with which certain components of the mitochondrial oxidative phosphoryl- 
ation system may be selectively inactivated, or altered, and studied as to their 
requirements in the overall system. We have employed two wavelengths in the U.V. 
region in our studies to date. "Far-U.V.” light of approximately 2boo A and “near- 
U.V.” light of approximately 3600 A both ap])car to inactivate certain portiens of the 
oxidative phosphorylation system. For example, far-U.V. irradiation of isolated rat 
liver mitochondria results in total inactivation of both the oxidation of sut . inate 
and glutamate and phosphorylations accompanying electron transport from these 
substrates. During such irradiation various nucleolides such as AMP**, .\DP, DPN, 
TPN and Pi are released from the particles. ATP does not ai)pear in the extrainito- 
chondrial fluid in quantities in exi'ess of control preparations during imicliation, 
although the level of intramitochondrial ATP is diminished. This would indicate that 
ATP, upon being released, is enzymically hydrolyzed to A DP and Pi. Neither oxi- 
dation nor phosphorylation, after irradiation with far-U.V. light, is restored by the 
addition of the released nucleotides or by a variety of other known or su.spccted t:o- 
factors of these systems. Both ATP and c.rystalline st^rum albumin afford a high degree 
of protection during irradiation. Versenc, when tested ovit a wide range of concen- 
trations, does not protect mitochondria during far-U.V. treatmi'nt, nor is protection 
afforded by the presence of disulfide protectors such as cj steine and glutathione. 

We have also studied the effect of far-U.V. light on two reactions, occurring in 
mitochondria, which are thought to be clo.sclv related to the proce.ss of oxidative 
phosphorylation. For example, both the ATP -Pi exchang«‘ reaction and the DNP 
stimulated ATPase of mitochondria are inactivated by irradiation. Another ATPase 
occurring in mitochondria, that which is stimulated by magnesium ions after DOC 
treatment of the particles, appears to be quite insensitive to the effects of far-U.V. 
light. From such studies on the ATPases of mitochondria it would appear that 
far-U.V. light inactivates a component of the overall degradative process concerned 
with ATP hydrolysis which is not shared by the DNP-stimulatable and tlu; Mg+ *- 
stimulatable ATPa.ses. This may be inteqjreted as indicating that at least two pathways 
for ATP breakdown exist in mitochondria which share the initial step, or stejis, of the 
reaction sequence, but diverge prior to a step dependent upon the oxidation-reduction 
state of the electron transport component involved. We would prefer to call the U.V. 

• This work was done under the terms of Contract AT(3o-i)9i i between the Physiology Depart- 
ment, Tufts University School of Medicine and the U.S. Atomic Energy Commission. 

** The following abbreviations arc used: AMP, ADP, and ATP, adenosine mono-, di- and tri- 
phosphate; DPN amd TPN, di- and triphosphopyridine micleotide; Pi, inorganic orthophosphate; 
DOC. deoxycholate; DNP, 2,4-dinitrophenol. 
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insensitive step the “unphysiological” pathway since the ATP-Pi exchange reaction, 
])rcsHtnably utilizing the same transphosphorylative components involved in the U.V. 
sensitive or pliysiological ATPase sequence, does not apjX'ar to be involved in the 
alternative (U.V. sensitive) degradative reaction. The re.sults of tho.se experiments 
would also indicate that the U.V.-.scnsitive component is close to, or at, the electron 
transport level and might conceivably be involved in energy conservation, i.e. the 
transfoimation of energy released during the process of electron transport into phos- 
phate bond formation resulting in the synthesis of ATP. 

At present, three jwssible electron transport components are being seriou.sly 
considered as c andidates for energy conscwvation sites in volved in the first phosphoryl- 
ation coupled to the flow of electrons in the respiratory chain. They are DPN, 
flac'oprotein and a substituted <iuinone. Although a certain amount of indirect evi- 
dence imidicating each of tlu^sc molecules exists, we would like to describe the results 
of our experiments bearing on the possibility of a ejuinono involvement. Since far-U. V. 
light results in a rapid inactivation of tlu' systems studicxl, we have utilized the longer 
wav elength of approximately 3600 A which appeared to result uj a more gentle, and 
pt'ihaps more specifie, treatment of the mitochondrion. Such near-U.V. treatment 
residts in mitochoncjria which have lost the* ability to oxidize succinate and glutamate 
and lo carry out oxidative phosphorylation. Oxidative phos])horylation with succinate 
as substrate is restored to near control values by the addition of cytochrome; c, and 
oxidative phosphorylation with glutamate as substrate is dependent ujx)n the addition 
of evtoehrome c and vitamin Ki. We have; tested a number of quinones in re.gard to 
their ability to re.'^tore oxidation and pliospliorylation, and of those (juinones only 
vitamin Ki acetate, and a lipid extract of M ycobaderitmi phlci arc capable of effecting 
slight restoration. The iidiibitors DNP and Dicumarol uncouple all phosphorylations 
in the restore,d systems, and amytal, a known inhibitor of electron transport from 
DPN, blocks electron transport in the vitamin Ki-restored system. These data indicate 
that near-U.V. light treatment of mitochondria alters a factor fn’'''.tioning in oxulative 
phosphorylation between DPN and cytochrome h which may be '•■‘(jlaccd by vitamin 
Ki, and thus strongly implicates a quinone, with structural similarities to vitamin Ki, 
as participating in mitochondrial energy conservation. 

We are at present attempting to study reactions related to oxidative phosphorylation 
in more purified systems and have been succe.ssful in obtaining a soluble .ATPase system 
from sonic extracts of mitochondria. Since the .soluble ATPase system is stimulated 
by DNP we are hopeful that we are dealing with a physiological pathway, the 
components of wliich we hope to be able to analyse. We thus consider U.V. light 
IIS an extremely valuable tool in the study of the mechanisms involved in the con- 
servation of energy during the process of mitochondrial oxidative phosphorylation. 

Physiology Department, Tufts University. Robert E. Beyer* 

School of Medicine, Boston, Mass. (U.S.A.J 


* U.S. Public Health Service Senior Research Fellow. 
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Die optischen Eigenschaften der menschlichen Haut im IR-Bereich 

Die Kenntnis der Emissionseipenschaften der lebeiiden menschlichen Haut ira infra- 
rotem SpektralbenMch gestattet die Bercchnung der iinter l)estimmten Temperatur- 
N'erliiiltnissen diirrh Warmestrahliing an die Umgebiing abgege.benen Encrgie. 

\ rnigekehrt liisst si('li aus Strahlungsmi‘SsungtMi die Hautoberflachentemperatur 
bereclinen, wenn die Abweiclinngen der Haut \'om sehwarzcn Kdrper bekaiint sin«l. 
Kt*flexion und Absorption von IK-Stralilung geluMi Auskunft iiber das Schicksal der 
\'on dor Umgi'bung auf die Haut fallenden Warmestrahlung. 

Mcihodik 

Zur Durchfuhrung von Emissions-, Rcdlexioiis- und Dun *ilassigkc‘itsmessungen 
wurde (‘in uniN'ers(‘ll(.T IR-Mcssplatz zusammengc‘stellt. Als Strahlungsquellen diemten 
fi'ir die Reflexions^- und Durelilassigkeitsmessung(‘n ein Silitstab ((ilobarstraliler), der 
('l(‘ktriscli auf ca, 1200 gelu'izt wurde, fiir EmissionsnK'ssungen dic' Volarseite des 
DnU‘rarm('s sovvi(‘ ein scli\varz(‘r Kiirper, d(‘r diin li thermostatisiertes Wasser auf 
Hauttemperatur eingeregelt werdcMi konnte. Die Strahlung wurde mit einer Sektoren- 
scheibe mit 12.5 Hz nioduliert, damit das .Thermoelement eini‘ W(‘cliselspannung 
abgibt. Eine Kammblende (‘riaubte die nuvssbare Schwaehimg der einfallendcm 
Strahlung. Die spektrale Zerlegung (!rfolgt(! in I'inein Spiegelmonochromator, der l)is 
A 5// mit einem IJF IVisma und fiir grdss(‘re Well(‘nlang(‘n mit eim^in NaCbPrisma 
ausg(Tustet \var. Als Nachweisinstrument diente ein Vakuum-Thermoelemenl niedri- 
gor Z(‘itkonstant(‘ mit KBr-I-inse; die Empfindliehkeit betriigt 12 V/\V. In einem 
Wu'verstiirker erfolgtc die Ani)assung des ThermoelenK'ntes an den Rohn'U verst jirk(*r 
und die Vorverstiirkung. Die Nachverstarkung gc^sehah in eint r*. frec|uenzselektiven 
Hauptverstarker und in (dnc'm j)hasenempfindlichen (ileichriehter die Demodulation. 
Ein Tintenschreiber an dessen Ausgang ermdglichte die Aufzeichnung der Spc'ktren. 
Zwischen Monochromatoraustrittsspalt und Thermoelement b('fand sich bei den 
Reflexionsmessungen eine int(*grierende Halbkugel, die di(‘ von der Hautmess- 
stelle diffus rcflektierte Strahlung naeh einmaliger Reflexion an d(‘r verspiegelten 
Innenwand auf das I'hermoeleinent konzentriert. Bei den Durchlassigkeitsmi'ssungen 
befand sich direkt vor dem Thermoelement di(? Hautprobe. 

Zw den Emissionsmesssungen 

In der Literatur sind an experimentcllen Art 'iten uber die Spekrralverteilung der 
von der Haut rm die Umgebung abgegebenen Energie nur die von Hardy und Muschen- 
heim^ aus dem Jahre 1934 bekannt. Die Emissionsworte der Haut und die eines 
s^hwarzen Korpers tiberkreuzen sich einige Male, die Abweichungen betragen bis 
20%, obwohl die Autoren im Text schreiben, beide Kurven unterschieden sich nur 
unwesentlicli. 

Die Ergebnisse der eigenen Messungen sind in Abb. i zusammengefasst. Hier ist die 
Spektralverteilung der von der Haut bzw*. einem schwarzen Kiirper von ca. 32° an die 
Umgebung von ca. 20° durch Strahlung abgegebenen Energie dargestellt. Kurve i 


Literatur S. 
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zeigt die Mittelwerte aus 8 Messreihen an zwei Vcrsuchspersonen, Kurve 2 stellt di( 
Mittelwerte aus ebenfalls 8 Messreihen am schwarzen Kdrper dar und Kurve 3 ist di- 
aus theroretischen Uberlcgungcn erwartete. Letztere errcclinet sich aus der Differen/, 
der Planck ’schen Strahlungskurven fur Haul- und Umgcbungstemperatur fiir jedt* 
Wellenlangc. Die Abweichungen der gemcssencn Werte von den theoretischen ab 


Erd. 



Abb. I. Spektralvortcilung dos liiuTgicvoriustes'durcJi \Varnif.strahluiig von Haul mid scliwar- 
zem Kdrpier. 1. Hautstrahlung, 7'// — 32", 7'r/ — 20”, 2. Schwarzcr Kdrper, getnessen, Thk - 
32'", 7'r; — 20'', 3. Schwarzijr Kdrjicr, Jx'rechnet, Txk — 32''. Tr ■- 20 . 


12/2 sindauf Absorption des NaCl-Prismas zuruckzufiihrcn. Geringfiigige Abweichun- 
gen der Haut vom schw'arzen Kdrper bei 6 // und von 9 bis ir n kdnnten durch 
Wasserab.sorption bedingt .sein. Danach ist die Haut als grauer Tcmperaturstrahler 
anzuselien. Genaue Aus.sagen iiber den LJnterschied itn Rmissionsvermdgen von Haut 
und schwarzem Kdrper la.ssen sich wogen der unbefriedigenden Genauigkeit therino- 
elektri.scher Oberflachentemperaturmessungen nicht machen. 

Zu den Reflexionsmi’ssungen 

In der Abb. 2 sind die Mittelwert<; des ermittelten Keflexionsvermiigen.^ aus 10 
Messreihen an zwei Vcrsuchspersonen zusammen init den bisher in der Literatur vor- 
liegenden Messungen dargestellt. Die I^ige der Selektivitiiten ist einheitlich; sic sind 
durch Wasstirabsorption bedingt. Die Absolutweite schwanken im kurzwelligen 
Bereich stark, da unterschiedliche Hautdicken benutzt wurden. Da das Reflexions- 
spektrum die Wassorabsorptionsbanden enthiilt, ist cs naheliegend, im Wassergehalt 
der obersten Hautschichten den fiir die optischen Eigcnschaften massgeblichcn 
Faktor zu suchen. Das mittlere Reflexionsvermdgen fiber den vermessenen Spektral- 
bereicli ergab sich unter Bcrficksichtigung der Spektralverteilung der Emission zu 
6.12 ±0.6%. Weiterhin wurde das Reflexionsvermogen ohne si)ektrale Zerlegung fiber 
den gesamten an der Abstrahlung beteiligten Bereich (von 3//. — unterc Emissions- 
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wellenlaiigc bis 30 /r -- Grenze der Durchlassigkeit <ler KBr-Linso des Ihcrmo- 
eletncntes) gemesscn. Als Straliliings(iuelle dientc hiorbei dcr schwarzc Kdrper von 
damit die Spektralvcrtoilung der Messstrahlung derjenigen entsprieht, die die 
Haiit emittiert. Es ergab sich ein Mittelwert ans 40 Messungen von 6.i t 0.3%. 


7.R 



Diesel- Wert ist abhiingig votn b'euelitigkeitsgehalt der Haut. Befeuclitet man die 
Hautmessstelle leicht. wie es einer mittleren scnsiblen I’erspiralion «ntspnc 1 . so 
sinkt das Reflexionsvernidgt'n auf Werte um 4% ab, iim im er .lu t er roc 'n 

wieder aiif ca. 6% anzustcigon. . 

Der EinHuss der Durchblntung auf das Keflex.onvermiigen wurde k^^pruft. nc -tn 
einmal Wiirmc- und UV-Erytheme gesetzt vvurden und zum anderen die D 
bliitung des Annes mit einer Staumanscliette am Olierann gedrossidt wurd.c Hierbt i 
erfijabon sicb keine Untcrschicdo im Kt'flexionsvtTnu’if^i ii. 


Xu den Ihirchldssif'keitsmesstiHfJien 

Die Durchlassigkeit lebender, durchblutetcr mei_ , 

dick) konnte bis A<i.8//, gemessen werden. Weiterhin wurdeii ca. 0.2 mm 


lenschlicher Haut (Skrotum, ca. 2 mm 


Lilevatur S. 4gi 
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Hatttschichten vermessen, die durch Mikrotomschnittc von frisch abgenommenen 
Opers.tionsteilen (Mamma) gewonnen warden. Die Mes.sungen warden im Zeitraam 
von I bis 4 Standen nach dcr Rcsektion darchgefuhrt, Aastrocknang warde nach 
Moglichkeit vermieden. Die erhaltenen spcktralen Darchliissigkeitswerte warden 
nach Abzug des rcflekticrten Anteils aaf natiirliche Extinktionsmodaln (Extinktion 
pro Einhcit der Schichtdicke) amgerechnet. In der Abb. 3 sind dicsc Wcrte zasammen 



Abb. 3. Mxtinktionsmocliiln diT mcnsoJilichcn Haul und dts WasscTs. (i) llaiit, Skrotiini ; 

(2) Haul, isulicrLc Schicht; (3) Wassn. 



Abb. 4. Halbwertsdickcn dcr Haiit gc*gen IR-Strahliing. 
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mit den Wasserextinktionskoeffizienten dargestellt. In der Abb. 4 sind dann die 
Schichtdicken aufgezeichnet, in donen die Hiilfte der auffallcnden Intcnsitat absor- 
biert wird (Halbwertsdicke). Hierbei wurdc der Energievcrlust durch Reflexion an der 
Oberflache mit bcriicksichtigt. 

Aus den vorliegenden Messnngen werden folgeiide Schlussfolgemngen gezogen: 

1. Die Haut ist im Bereich ven 3 bis i6/t als graucr Temperaturstrahler anzusehen. 

2. Das Reflexionsvenndgen und damit anch das relativi^ Emissionsvormdgen 
(emissivity) ist abhiingig vom Fouchtigkeitsgohalt der ohersten Hautschichten, Eine 
Abhiingigkeit von der Dnrchblutung konnte niebt narhgewieson werden. 

3. Die Temperatur tiefer golcgener Hautschichten kann die Oberflaclientempera- 
tur nicht becinflussen. 

4. Nur einhallcnde Strahlung axis deni Wcllcnlangenbereicli von l bis 1.8 fi kann die. 
Epidermis durchdringcu. 

Physioloi>isches InstiliU, Klau.s Eckoldt 

Humboldt Universitdt, Berlin (Dcutachhind) 
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Neuere Ergebnisse zur Erythem- und Pigmentwirkung optischer 

Strahlung 

Der .\bhangigkeit des UV-Erythems von der Welletdange wurdeti schon zahlrcichc 
Unlersuciiung(.*n gewidmet. Auf dioser Grundlage wurdc; von der Internationalen 
Beleuchtungskomission (IBK) die* VVelleiilangenabh.ingigkcit fur ein mittleres Ery- 
them empfohlen. Diese Abhiingigkeit, die meist linear dargestellt wird, vernach- 
liissigt aber in dieser Art der Darslellung die Er5’themwirkung di;r Strahlung im 
UV-A bei Wellenliingen iiber 315 mfi. Auch die iCrythemwirkung in di(;sem liinger- 
welligcn Gebiet ist schon des oftcren untersucht worden. Die Ergebnisse; waren al)(;r 
sehr unterschiedlich. Mc*ssungen der Erythemwirksamkeit in dies(;m Bcreich sind 
niimlich sehr schwierig durchzufiihrcn. Die Wirksamkeit dieser Stralilung i.st urn 
(ir6ss(;nordn ungen kleincr als die der kurzwelligen Strahlung, und Streulicht dieser 
Strahlung muss also in hdehstem Masse ausgeschlossc:n werden. Dio Kenntnis der 
Erythemwirksamkeit in dicsem Gebiet ist aber dennoch von grosser B(;deutung, 
da der spektrale Antcil des UV-A bei dor Strahlung dc-r Sonne und auch bei den 
therapeutischen Hg- und Xc-Strahlern viel greisser ist als die der kurzerwelligcn 
Strahlung. 

Fcrner muss, wenn die UV-Erythemempfindlichkeit sehr niedrig ist, zur Erzielung 
eines Erythems die Bestrahlungsstarke stark erhoht werden. Dadurch ist es gegebenen- 
falLs mbglich, dass durch die absorbierte Energie in der Haut, die Temperatur sich 
soweit erhoht, dass ein Warmcerythem entsteht. Dieses hat die Aufgabe, durch die 
hohere Blutzirkulation die absorbierte Energie abzuluhren und moglichst, zu verhin- 
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dern, dass Verbrennungen entstehen. Dieses Erythcm ist unspezifisch, d.h. an kcinen 
Wellenlangenbereich, also auch nicht an die sogenannte Warmestrahlung, gebunden. 
Dieses Erythem, das wir aueh unspezifischcs Erythem nennen konncn, unterschei- 



Abb. I. Die 13estrahlung in Abhiingigkeit von dcr licstrahlung.szeit fiir vSclinierzsclivvclIe, ICry- 

thcMiisch Welle iiml Vcrbrennungsseliwellc*. 


det sich vom UV-Erytliem durch seine kleinere Latenzzeit. Es crscheint nach wenigon 
Minuten. Dies bedingt, dass schon bei Bestrahlungszcitcn, di(' nur grosser als lo 
Seknnden sind, die Wirkung sowolil von der Bestrahlung al? auch von ihrer zeit- 
lichen Verteilung, also von der Bostrahhmgsstarke abhiingig ist. Dies ist iu der (’rston 
Abbildung dargcstellt. 

Man erkennt, dass der Vi^rlauf diest'r.Abliangigkeit fiir die Erytlieinsehwtdli* eine 
andere ist, als fiir die SclnnerzschweJle und die Verbrennungssclnvelle. 

Die Abklingzcit dos unspezifischen Erytlieins ist im allgeineineii kleiner als die des 
spczifischen UV-Erythems. Deshalb gelingt es diese Er\'theme in einem gewissen 
Bereich voneinander zu unterscheiden. Dieser Bereich wire! jedoch dadurch einge- 
grenzt, dass die Abklingzcit des unsiiezifischea Erythcnis sowohl voin Erythemgrad 
als auch \'on der zeitlichen Eiitstehung des Erythems abliangt Starke Erytheme halten 
eine langerc Zeit .an, und eine Trennung des spezifischen Erytlieins vom unspivl- 
fischen ist nicht mehr moglich. Die (Irenze der Treunbarkeit liegt etwas unterhalb dcr 
Verbrennungsschwelle. Bei kurzen Bestrahlungszeiten ist der Unterschied zwischen 
Erythem und Verbrennung nicht sehr gross. Die Gradation der Effekte i.st .steil. Der 
Unterschied nimmt erst bei Bestrahlungszeiten iiber i Minute zu. 

Zur Abgrenzung des UV-Erythems bei langereii Wellcnliingen ist in der niichsten 
Abbildung der Verlauf des UV-Erythems zusammen .mit dem unspezifischen Erythem 
und der Verbrennungsschwelle aufgezeichnet. Die unspezifische Erythemschwclle ist 
dalK'i fiir drei Einwirkungszeiten, und zwar i Sekunde, i Minute und 20 Minuten 
gemass der Abhangigkeit der ersten Abbildung, eingezeichnet. 

Man erkennt, dass bei Bestrahlungszeiten bis zu i Minute und bei Wellenlftngen 
fiber 330 m/* die beiden Erytheme nicht mehr unierschieden werden konnen. Erst bei 
Bestrahlungszeiten von etwa 20 Minuten und dariiher scheint cine Trennung mdglich. 
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Bei dies(!n langeren Bestrahlungszeiten nimmt jodoch auch die Abklingzeit fiir das 
unspezifische Erythem zu. Die Abklingzeit fiir ein unspezifisclies Krythem liegt 
namlich ungefiihr in derselben Grosse wie die Entstelmng'izcit. Man gerat deshalb bei 
langeren Bestrahlungszeiten in die Latcnzzeit des UV-Erythems. Es folgt deshalb 



Abb. J l>ii! <J>’strahlunK fiir cin iiiittU-n-s l'\'-l''rytli<‘in (iiach I UK .\littlcr»%s ICryllicm lu:i 
J<J7 n\fi KK'ieb lOo fuW-scc/cm* gosctzt) iind lur die iind VerlirenmiiiKSScliwcIle Immth 

unspezifiselion lirythcm fur v<Tscbie<l(“iM‘ U<\stral)lungs/!eiteii. 

hieraiis, dass bei Strahhing fiber etwa 340 ni// ein spezifiselies Erythem alssolehesnic'ht 
melir sielier definiort vverden kann. h'erner i'l der ('bergang zwischen IJV und un- 
spezifischem Erythem abliiingig sowohl von der Bestralihmg als aiieli von der Be- 
strahlungsstiirkt . Durch eine einzige Kurve kann di(!ser Obergang nicht dargi>stt‘llt 
werd(‘n. 

Dieye Ergebnisse konnteti wir ableiten aus Messungen des nnspt'zifisehen Erythems 
im siditbaren Bereieh und t'bertragiing der Ergebnisse anf den IJV-Hereieh. Das 
unspezifische Erythem hiingt namlich, wie wir im Spi-kiralbereieli von 0.4 -1.4 /i 
feststellen konnten, nur von der .Absorption der llaut ab. In der obigen Abbildung 
ergibt sich die Wellenlangenabhangigkeit des unspezif'sdien Erytliems aus der s|)ek- 
tralen Reflexion der Haut. 

Im UV-A liegt aber auch das Gebiet der direkt pigmentierenden VVirkung. Ober die 
Wellenlangenabhiingigkeit und die Em{)findlichkeit dieser Wirkung sind besonders 
^'on Hcmschke und Schulze und I. Hausser als ersten genaue lintersuchungen durch- 
gefiihrt worden. Wir fanden, dass die* Bi'strahlungsdosis fiir ein direktes Pigment bei 
der Wellenltinge 350 m/i ca. 300 bis 1000 mal gnisser ist als die Bestrahlungsdosis fiir 
ein Erythem durch die Wellenlange 297 m/^. Man kommt deshalb auch Icicht in cK;n 
Bereieh des Auftretens eines unspezifischen Erjthems. B<‘i alien lintersuchungen zu 
diesen Fragen muss man dies nach der oben gezeigten Darstellung beriicksichtigen. 

Un.sere Untiirsuchungen wurden mit einein bc.s«jnders lei.stungsfiihigen Monochro- 
mator durchgefiihrt. Durch zusiitzliche Sperrfilter wurde Sorge dafiir getragen, dass 
kurzerwelliges Streulicht nicht zur Wirkung kam. Die spektrale Verteilung der au.s- 
tretenden Strahlung wurde, um dies zu kontrollieren, auch stets au.sgemessen. 

Damit konnten wir die bisJier bekannte VWllenlangenabhangigkeit im wesentlichen 
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besl&tigen. Wir fanden, dass bei einer Wellenlange von 350 ein Maximum der 
pigmentierenden Wirkung liegt. Als Pigmentschwellendosis fanden wir fiir Personen, 
die (nach Schulze) sowohl mit Pigment als mit Erythem reagieren, eino Bestrahlung 
von 6 W • sec/cm*. Fur Personen, die im wcsentlichen nur pigmentempfindlich sind, lag 
die Schwellcndosis A — 350 m/* bei 2 W • sec/cm^ iiS'Vo. Diese Pcrsonongruppe ist 
also 3 mal empfindlicher fiir cine Pigmentierung als Personen, die auch crythem- 
cmpfindlich sind. 

In diesem Bcreich, also bei einer maximalen Wirksamkeit der Strahhing, konnten 
wir dank der hohen zur Verfiigung stehenden monochromatischen Bestrahlungs- 
stfirke schon Pigmente bei Bestrahlungszciten von 3 Min. erzielen. Diese bei 
kurzen Bestrahlungszciten erziclten Pigmente klingen jedoch, falls nicht weiter be- 
strahlt \vird, schnell wieder ab. Bereits nach 20 Min. sind diese durch kurzo Bestrah- 
lungszeiten erzeugten Pigmente vdllig verschwunden. Das bedeutet also, dass zu 
einer Manifestierung des Pigmentes es einer geniigend langcn zeitliclien Einwirkiing 
der Bestrahlung von mindestens lo Min. bedarf. Dies steht im Einklang damit, dass 
sich die dabei verlaufcndcn Oxidationsprozessc in mehreren Stufen vollziehcii. 
Ferner ist dies in Obereinstimmung mit der altcn Beobachtung, dass bei ler Ver- 
hinderung der Blutzirkulation durch Kompression k(;ine Pigmentierung auftritt. 
Dasselbe ist also auch der Fall, wenn die Zeit wahrend der Bestrahlung niclil ans- 
reicht, um geniigend Sauerstoff fur den Ablauf samtlichor Prozesse heranzusohaffen. 
Betrachtet man die Abhangigkeit der Bestrahlungsdosis fiir ein Figment von der 
Bestrahlungszcit, so ergibt sich hieraus ein UntiTschied, je nachdem nach welcher 
Zeit die Pigmentbeurteilung vorgenommen wird, die in der niichsten Abbildung dar- 
gestellt ist. 



I "fi I ' I I I I I I I I 

1 ? 4 10 20 iO 100 Min 


Abb. 3. Abhangigkeit der Hestrahlung von der Bestrahlungsztit iiir die Pigmentschwcllc. 
Ausgczogene Kurve Ablcsezeit 3 Min. nach Bcstrahlung^onde. Gestrichclto Kurvi: 60 Min. nach 

He.strahlungsende . 

Es ergibt sich, dass zu einem gleichstarkcn Pigment, das x Stunde nach der Bestrah- 
lung beobachtet wird, bei kurzer Bestrahlungszcit eine grosscre Bestrahlung erforder- 
lich ist als bei langerer Bestrahlungszeit. Der Zeitfaktor ist kleiner als eins. Die Ur- 
sache hierfur ist, dass die Zeit, die notwendig ist, um die Reaktionspartner zusammen- 
zufuhren, in der Grossenordnung der Bestrahlungszeit liegt. 

Max Planck Imtitut fUr Biophysik, Horst BOcker 

Frankfurt am Main ( Deutschland) 
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Untersuchungen liber das Ref lexions- und Emissionsvermogen sowiedie 
Durchliissigkeit der lebenden menschlichen Haut im Spektraibereich 

A 3-15 

lin vorangcgangenen Vortrag von Herni Eckoldt wurcie horausgc'stellt. class bvi 
Zimmcrtomperatur das Maximum der Temperalurstrahlung oines exporimentelltm 
sdiwarzen Kdrpcrs von etwa 32X, wie auch das der lebenden menschlichen Ilaiit nicht . 
wie clem IManck’schen Gesetz gemilss zii erwarti^n, bci A =^9.4 //m, sondern bei 
A 8.0 //.m liege. Eigene Versuche hrachten zuniichst ahnliche Ergebnisse. Es wurdi'ii 
('bi'iifalls der von Falta^ naher beschricbene Spiegelmonocliromator des VEB Carl 
Zeiss Jena mit einem 67‘^-UR-Steinsalzprisma sowio das vvohl griindsatzlich im Jahre 
1931 von Nicolai-*'* eingeflihrte und spatter von Lehrer'*-® in die Ultrarottechnik 
iibernommene Wechsellichtverfahren benutzt. Als Empfiinger dienten Bolometer 
nach Czerny, Kofink und Lippert®** mit Wismutaufdampfniigon in der Woltersdorff' 
sclu'n Schichtdicke^ als Briiokenglieder. Zur VcTstilrkung diente (‘in ]i(‘Sonanzv(‘r- 
stilrker** mit fiinf, davon vier auf 12.5 Hz abgestimmtcni Niederfrecpumzkreisiai mit 
Si)anmuigskon>‘tcuitlialtung. Eine lineare Nachverstarkung gestatt<‘te dem Betru;!) 
gei'igiK'ter Schreiber zur Aufzcachnung der Verteilungskurvon im SpektrallH‘reieh 
zwischen etwa A - 3-15 /im. 

Czerny” wies bereits im Jahre 1944 auf F(diler([uell(m hinsichtlich des schcMiiban/n 
Auswanderns des Maximums hin, wenn bei Zimrnertemperatur nur wenig holier 
temperierte Strahler mit Prismenmonochromatoren gemessen werclen. Ein ganz 
erh(‘blicher Felder orgibt sich aber unter solchen Bedingungen, wenn bei Einsatz des 
Wechsi'llichtverfahrens im Ultrarot bereich nicht beachtet wird, class die registriertiai 
Werte die Differenz zwischen zwei Strahlern ahnliclier Temperatur, namlich der des 
gemessenen Objektes und der zur Modulation benutzten Unterbrecherscheibe wicxier- 
geben. Ben‘chnungen nach dern reduzierten Planck'schea (iesetz ergi‘ben bei Zu- 
grunclelegung einer Raumtemperatur von 293'"K, die fiii die Modulationsscheibe 
ebenfalls gelten soli, sowie einer Haut - oder Eichstrahlertemperatur von 3o8''K (line 
Uifferenzkurve, die ihr Maximum bei A - - 8.4 /iin aufweist. Setzt man dagegen fiir die 
Modulationssclieibe eine Temperatur von nur 223'^K ein, so liegt das Maximum der 
Differenzkurve, wie gefordert, bei A 9.4 /iin. Die l^lanck'sche Verteilungskurve fiir 
die hohere Temperatur und die Differenzkurve weichen dann nur noeh im lang- 
welligen Schenkel voneinander ab. Vblligc Ubereinstimmung kann naturgemass nur 
dann erwartet werden, wenn es mdglich ware, die Unterbrecherscheibe so tief zu 
temperieren, dass sie im Bereich der Hautemission nicht mehr selbst strahlt. 

Da alle Objekte vor der modulierendcn Scheibe Strahlung zum Messprozess bei- 
stcuem, muss durch geeignete, durch Tiefkiihlung nicht mehr storende Blenden, der 
Strahlengang eingeengt werden. 


* Jiinc ausXuhrlichere Darstcllung des vorgetragenen Fragenkoinplexes crschien in Pfliigers Arch, 
ges. Physiol., 272 (IgOi) 360. 

*♦ Hersteller Physikalisch-technische Werkstatten, Prof. J)r.-lng. W. lloimann Ci.m.b.Il., 
W ies baclcn-Dol zheim , 
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Abb. I veranschaulicht im Schema die aus den dargelcgten Gesichtspunkten re.si)'* 
tierende Messaniage, die drei Neacrangen bietet : 

{a) Eine Kiihlblende wird durch Alkohol von ca. 23o°K, dor von einem Trockenei.. 
gekuhlten Umlaufthenno.staten nach floppier stammt, durchflossen und climiniert 
durch seine Oberflftchentemperatur von rund 24o”K, den grOssten Teil der storenden 
Uniweltstrahlung aus dem Messstrahlengang. 



Abb. I. Schctnii ties Messplatzes fur Kmissionsmi-ssunt'on. \’nf die Kublliicndc wiTdon abweeh- 
selnd dcr schwarzf Strahlvr. die Haut und <-in vcrgoldcter Rcflcktor gbdeher Tcinporatur gcbraclit. 


(6) Eine um 45° geneigte, hochglanzv*»rgoldcte Modulationsschcib(^ gibt im vollen 
Sektor nicht ihre eigenc Tera|K'raturstrahlung in den Monochromator, sondern spie- 
gelt die Oberfliiche fliissiger Luft aus eincni Dewar-Gefa.ss ats Vergleich.sstrahler in 
don Messweg. 

(c) Neben der zu messonden Haut und cincm idcalisierten s<;hwarzen Eichstrahlcr 
wird als dritte Grosse ein ebcnfalls hochglanzvergoldoter Ou.'-der glcichet Temperatur 
ausgemessen, der auf Grund seines sehr guten ’Renexkm*^veimc)gens nur die rcstliche, 
trotz der beschrielienen Massnahmen noch nicht vermeidbare StCrstraldung anzeigt. 

Abb. 2 zeigt einen Aus.schnitt des Aufbaucs mit dcr stark veroisten Kulilblendc, der 
schnlg gcstcllten Modulationsscheibe sowie dein Dewtu'-Gefass mit fliissiger Luft. 

Abb. 3 beweist den fast ubereinstimmenden Verlauf der Strahlungskurven des 
schwarzen Vergleichsstrahlers und der Haut. Die Vcrteilungskurve des glcich tem- 
perierten, vergoldeten Quaders hat dagegen einen wesentlich flacheren Verlauf und 
zeigt damit, dass sich Abweichungen im Emissionsvermogen stihr deutlich bemerkbar 
machen. Die Haut muss demnach ein nahezu schwarzer Strahler sein. Die geringen 
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i. HtjchglanzverKoUlfte. urn 45"^' gcnoigtc Modulationssclii-ilM! mil Synchronmutor ini 
Strahlcngang zwischen Kiiiilblciiclo und Mmnichriiniatrir sowii- I'-v.-ar-Offass init fliissigrr Faift. 

Skalenteile 



Abb. 3. Krgobnis der Mfssungen d<*s Kmission.svormogtins dcjr Icbcndcn mensch lichen Haul ini 
Vc'rgleich zu einem schwarzcn Vcrgleiclisstrahler und uinen hocliglanzvergoldetcMi Quadcsr. Werte 
aus noun voJlstandigcn Messreihen. Temp, des schwarzcn Korpers 33.7' C - — ; Durchschnitts- 

tcmp. der Haut 33.3‘'C -• • • •; Temp, des gohhMien Kdrpcrs 33.7'X 
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Abweichungen zwischen der Haut- und der Eichstrahlerkurve konnten bei punkt- 
fdnnigen Einzelmcssungcn ausgeglichen werden. Bei l 3 .ngcr dauernden Messungcn 
sinkt dagegen die Hauttemperatur durch die Einwirkung der Kiihlblenden und es 
kommt der geringe Unterschied im Kurvenverlauf zustande. Die Kontrollen der 
Oberflachentemperatur erfoigten mit geeichten Thermoelementen kicinster Lotstcl- 
len, deren Zufiihrungcn 0.05-0.1 mm stark sind und ohne me.ssbaren Auflagedrurk 
jederseits der Hautlotstelle noch 3 cm innerhalb der Isotherme verlaufen. 

Eichungen des Prismenmonochromators zum Ausschluss der als bekannt voraus- 
gesetzten typiscben Fehlerquellen warden den Tabellen von Mecke, v. Angcrer/ 
Mannkopff und Seidel® sowie Angaben von Kortiim^® und Briigcl“ folgend mittels der 
Linien- bzw. Bandenspektren cines Quecksilberhochdruckbrenners, von Chloroform, 
Benzol, Methanol, Athanol, Trichlorathylen und Aqua dest. sowie den athmosphii- 
rischen Wasscr- und Kohlendioxydbanden durchgefiihrt und ergaben mit 0.3 ^m 
bei A 4.5 fim maximale Tabellcnabweichungen. Sie wurden in der Abb. 3 boniits 
bcriicksichtigt. Das Emissionsmaximum der Haut und des schwarzen Eichstrahlers 
liegen domnach der Theorie entsprechend bei A 9.4 ^m. Das im Bolometer ent- 
stohende Potential betragt, Eichmessungen mit einem RC-deneratoi zufolge, in 
diesem Bereich bei einer spektralen Bandbreite von 0.5 yim ctwa 5 • 10 •* V. 


Funkenschreiber 
f(ir langsam* Vorgitnge 


^piegelmonochromator 


vergoldete 

Modulatorscheibe 



Lichtmarkan* 

Galvanometer 


verqoldeter 

Vergleichsreflektor 


vergoldete 

Halbkugel 


Nernst-Bre.mer 

3A 



Fingspiegei 


Abb. 4. Schema des Messplatzes fiir Kefirxionsmessungon. 


Reflexionsmessungen der lebenden menschlichen Haut wurden mit einer in Abb. 4 
schematisch dargestellten Anlage durchgefiihrt. Als Strahlungsquelle diente ein 
Nemstbrenner* einer Leistung von 240 W bei 3 A, der mit Hilfe eines Fangspicgcls 
scharf auf dem Eintritts.spalt des Monochromators abgebildet wurde. Das zerlegtc 

* Hersteller l')r. L. Glaser, Kerlin-Altglicnickc, Gerraanenstr. 




REFLEXIONS- UNU EMISSIONSVERMOGEN 


499 


Licht fallt durch einen Schlitz in cine inncn hochglanzvergoldcte Haibkugei, verlasst 
diese ent\V(?der auf der gegeiuiberliegenden Planseitt' durch eine kreisrunde Offniing, 
was einer Totalabsorption enfspricht, oder wird ini \\Vi:hsel von einom obenfalls 
vergoldeten Vorgloichsreflektor bzw. eintT Ilautiiartie in die Haibkugei hinein 
ndlekticTt. In das Rund der Haibkugei ist das Eintrittsfenster d<'s Bolometers har- 
inoniscli cingefiigt. Durch inehrfache Reflexionen (‘iitsteht innerhalb der Haibkugei, 
lias Brinzip des schwarzen Strahlers umkidireiul, ein Strahlungsgleichgi'vvicht. Das 



Abb. 5. fniKTiiinsiclit cler iiii Inni'in hocliKlaiizs i *!;:jhli‘ti ii IJali A 'igi*l nach ilrrcn /crIcKiuij'. 
Mmii crkennL im Dt-ckcl dii* Austriti.sotfiiunj' (li*r ilalbkiigi^l, vor di * jbwochsrliid der yerf4leichs- 
refleklur imd die zu niesseiide Hautpartie Kebraclit werden. Jni Innun der Ku^el drei ( Kfnmigen, 
deren niittlere von der IJolonieterciiitrittsfliiclie ausgefiUll wird. Die andereii ("iffiiungen sind 
von Holzen init vergoldet(*r Griindflache, wie im X’ordergniiid abgebildet, verschlosseii. 


Re flex ions verm('»gen unbekannter Oberfliichen, z.B. fler Haul, kann direkt in Pnj- 
z<‘nt(;n des Reflexionsverrnogens einer hoehglanzpoliert«*n (ioldila<*lie angi^geben wer- 
den, das im Gebiet oberhalb A 2 //m nach (iiir, Dunkl'^ und Bevans*-, BriigeB^ 
sowie Pepperhoff^^ zwischen r - o.qo-0.98 liegt. Vergleiche des Rcflexionsv<;rrnbgens 
der Haut im Bcreich ihrer Tempiraturstralilung gegen Magnesiumoxyd (Pepjxrhoff) 
oder gegen Carbonate (Schaefer, Bormuth und Matossi^^, Duval, Duvid und T-e- 
comte’s. 16 ) miissen zu erhcblich uberhuh n scheinbaren Wi.rten fuhren, da sicli 
solch(‘ Oberfliichen im Ultrarotbereich auf Grnnd ihnjs s(‘hr schle(‘ht(!n, bandenab- 
hiingigen und vom Alter der Schichten be<‘influ.sst(jn eigenen Reflexionsverrnogens 
im Gegensatz zum sichtbaren Sp(?ktralgcbiet niclit eignen. 

Abb. 5 zeigt.die zirlegte Haibkugei mit dem vergoldeten Vergleichsreflektor, 
einem Verschlussbolzen und dem eingefuhrten i^olomcter. 

In Abb. () sind die Ergebnisse der Reflexionsmessungen dargcstellt. Sic bestiitigen 


Literatur S. 501 



500 


K. BUCHMULLER 


Inihere Ergebnisse von Kuppcnheim und Heer*^, die iiber ein schlechteres Reflexions- 
vemiagen pigmcntierter Hautpartien (Stim) gegeniiber unpigmentierten (Schulter) 
berichtet batten. Es ergibt sich ferner die Aussage, dass die lebende menschlicho 
Haut oberhalb A 3.5 ftm nur noch ein Reflcxionsvermdgen von wcniger als o.5';o 
aufweist. Der Spektralbcreich unterhalb A fn 3.5 liefert abcr nur cine anteiligc 
Strahlung von ctwa 0.1% der Gesamtemission, so dass dessen Verhaltcn vcniach- 
lassigt warden darf. 



Abb. 6. KrgcbnissHi der M(*ssungt;ii dt'S Re fluxions vorrnbgeiis der lebendtm mi nscliliclicn I biut, 
sowie von Zullstoffwatte nnd uiner schwarzen Bauinwoll-Mitella. Angaben in % dcs Rcflexions- 
vermogens uiner hoclig’anzpolieiten Gf^ldflachi!. 


Die Ergebnisse warden durch Untersuchungen iiber die Durchlassigkeit des Prae- 
putium penis gestiitzt, die im nahen Ultrarot \’on den Absorptionsbanden des Was- 
sers bestimmt wird und oberhalb A 3 /tin nicht mehr naehgewic!seii weixlen konntc. 

Der Aufbau der Versuclisanordnung entspracb At>b. 4; anstelle der Ilalbkugel 
wurde hintcr dem Austrittsspalt des Monochromators in etwa i cm Abstand das 
Bolometer in Stellung gebracht, vor des.son Eintrittsflache sich unmittelbar die 
angespannte Hautfalte befand. 

Zusammenfassend kann anhand der gut ubereinstimmenden Ergebnis.se aus Mes- 
sungen des Emissions- und Reflexionsvermbgens sowie der Durchlassigkeit der lebcn- 
den menschlichcn Haut festgestellt warden, dass sie praktisch die Strahlungseigen- 
schaften eines idealen schwarzen Korpers besitzt. Im nahen ultraroten Spektralbe- 
reich werden die Resultate durch friihere Untcrsuclmngen von Clark, Vinegar und 
Hardyi* gestutzt. Ein Emissionsvermogen voiif > 0.99 b<?rcchtigt dazu, Temperatur- 



KEFLKXIONS- UNO EMISSIONSVRRMOGEN 


501 


% 



Alii). 7 . Kig(*l)niss<* cl<^r .Mcssniifjt'n (h*r 1 )iircli1assigkrit dor Iidx'iidcri niJMischlichon Ihuit. (I*rac- 
))i]tiiiTn untor VornK'idunj; dos Durchslrahlons grdssoror Hliil^»ofa‘;s(*). An^al)(*n in dor aurfallon- 

don StrahhiiiR. 


bcstimniunfif(‘n der monschlirlu*n Kcirperoberflaclu^ auf radiometrischem Wege 
dun hzufiihmi upd dio Vorteile solchcT, niit inod(irnpn A^^gregatrn iilxTaiis schnc.llen 
MessiTKdhoden aiii ilire praktisrhe B(*doutung fiir die Klinik zu iiberpriifen. 


(li’sclnculslklinik der (liarilc, Klaus Buchmiiller 

Humboldt-l'nivcrsitdi, Berlin( Dcuischlaml) 

^ W. Fa lt a , ZcissSat hvii fifvn . ( i y3()) 1 93 - 
“ I.. Nioolai, Pf Hirers Arrh. f^rs. Physiol., 2 JO (*03*) 3'''3* 

^ L. Nicolai, Plliigcrs .Arch. gcs. Physiol., jj<» (*03*) 37-2- 

'* K. Lkhrkk,/. tvrhn. Physik, 18 (*037) 393- 

® K. Lichrkr, Irchu. Physik, J3 (104-i) **^9- 

M. ('zKRNY, \V. Kofink um) \V. Lippkrt, Amt. Physik (0. I'olgf). S (i<)5o) O5. 

’ W. WOLTKRSDORFF, Z. Pkysik, 01 (*034) *230. 

** M. CzRRNY, Physik. Z., 45 (1944) -^07. 

» Micckr, Von Anokrkk, Mannkopff cnd Sionix. in LANDOLT-lioRNSi kin (Rodaktor), ZrtA//'«- 
wn'tf und PunktUmcu .... Hand 1 , j. und 3. 'Poil, Springor Vorlag, Horlin. 1051 . 

*** O. KortOm, Kolonmeivte, Phoiometrir und Spvktromctirir , Springer- Vorlag, Horlin, *055- 
\V. HrUokl, Physik und Tcchnik der Vllrarotstrohlmifj, Vorlag ( iiri K. \ incontz, Hannov<*r. 105* • 

J. T. (iiER, K. V. Dunklk und J. T. Hkvans, ^ Opt. Sor . .4m., 44 (i954) .55^* 

\V. Pkpperhoff, Temperattirstrahlung, Vorlag l>r. Diotrich Stoinkopff, Darmstadt, i05^^- 
t‘. ScHAEFKR, ('. Hormuth UND J*'. Matossj, Z. Physik, 30 (io^^») 

K. Duval, (\ Duval und J. J^rcomtk, Cr^wp/. rend., 215 (104^) 

R. Duval, ('. Di'val und J. Lkcomtk, Utdl. soc. chim. Prance, 10 (*043) 5*7- 
H. F. Kuppknhkjm und R. R. \iv.ER,J. Appl. Physiol. (i05-) 

C. ( lark, R. V'inegar iiND J. D. Hardy, J. Opt. Soi. .Im., 43 (*953) 993- 
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Remissionsmessungen an menschlicher und tierischer Haut nach 

UV-Bestrahlung 

Das Problem der Pestimmung von Veninderungeii der Hautfarbe infolge einer be 
stimmten Behandlung intcressiert sclion seit Jahrzehnton oino Reihe \'on Forschern. 
In unserem Falle handelt es sidi inn die Verfolgung dcT Hautn'aktion naeb Bestrali- 
liing init ultraviolettom Liclit. F>strnals gab Bode’ hierfiir eine finantitatii’e Methodik 
an. Scither sind einigi* Berichtigungen erfoigt, besonders (lurch Edwards nnd Duntk'v- 
hinsichtlich der spektralen Hautremission. Am Griindprinzip hat sich aber niclils 
geiindert. Es wird di(' Remi.ssion bei bestimmten W'ellenlrmgen in Bt'ziehting ge.si'tzt, 
iim quantitative Aiussagen iiber den Anteil von Erythem und Pigmentiorung an der 
UV-Rt'aktion zu crhaltcn. Vorwiegend wird hierbei die Remission zu (‘inigen be.stimm- 
ten 2^itpunkten ermittelt. Es besteht das Interesse, die Zahl der Messungen fiir jede 
Hautstelle sow’eit wie miiglich zu reduzienm. 

Die Befunde verschiedent'r Auton'ii gehen oft auseinandt'r. li!s hat auch nicht an 
kritischen Stimmen zur angcgebenon Methodik gefehlt. Wir stellten uns die .Anfgabe, 
mittels Remission-smessungen den Ablaut der UV^-Reaktion inCigiich e.^akt zu unler- 
suchcn, um die Bewertungswrfahren beurteilen zu kdnnen. Als Ap])aratur hieizu 
verwendeten wir ein Pulfrich-Pholonuitc'r mit Ulbricht’scher Kiigel und Metall- 
interfercnzliltern im Bereich zwischen 403 und (’)()() m/i. 

Da an der menschlichen Haut die Braunung bei der Untt'rsuchung des Erytheinab- 
laufs stbrt, studierten wir diesen an. der Kaninchenhaiit. Die Beobachtungen an 
tierischer und menschlicher Haut stimmten in den Schlussfolgerungefi iiberein. Im 
folgend(*n beschranken wir uns auf eine Zusammenfassung dt'r wiehtigsten Schluss- 
folgerungen aus unsiTcn Untersuchungen. 



Abb. 1. Zeitliche KeinissionsancliTungen bcstrahiter KanincKenhaut. ii-Tag der Bestralilung; 
L-Latenz; K-Vorphase; mit Rotaufhcllung ; //-Haupiphase; Z-Zwischenphase; ^-Nachpliaso 
(Durchblutungs- und Transparenzilndprungcn in Verhaitnisse an normalor Haut iibergohend). 
Mussung bei 622 (o), 551 (A) und 50 j m/* (x). Ordinate: Oifierenz der Remission zum Zeitpunkt 

der Messung und vor der Bcstrahlung. 


(l) Ablatif des F.rythems 

Das EiA'them besteht aus einer mehr oder weniger starkini Dunklung und iiber- 
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lagerten Helligkdtsandcrungen. Aji der Kaninchenhaut lief das Erythem in Phasen 
ab (Abb. 1). Der Phasenablauf konnte auch fiir die Reaktion an mcnschlicher Haut 
walirscbcinlich gemacht werden. Von oiner bestimmten Dunklung im Grun an (die 
Hohe luingt von der Lokalisation bzw. Struktur der Hautstelle ab) beeinfhisst das 
liirvthem etwa proportional die Remission im Rot. Man sieht dies deutlich im Dia- 



Rem’ssionsanderung bei 551 

Al)l). i. Hfzioluing zwisclujn don R(*niissionsiind<*niiigen im Kot unci (iriin. Ohem: mcjiisclilichc* 
Jlant: VJ’ 4 -> hraiinungsbc'tonto K(*aktion, VP S - rotungsbi'tcinU* Kc?aktion. Dntrn' Kanin- 
chenhaut — rcinrs ICrythc'm. An cl(*n Punktem Ab.tand clrr Mi ..sung vnn (.lc*r Jk*strahlung: 

h -Stundci; d l ag. 


gnimm der Abb. 2. Die Ersch(’inung tritt sowohl bi*i mensclilicher als aueli bei Ka- 
ninchenhaut iiuf. Der wellenfcirrnige Ablauf des Erytlieiiis verlangt, dass zii seiner 
Beurteihing d\c Remission der Haut m(*hrere Tage nacli der liestrahlung mit mind(‘S- 
tens einer taglichen Mc'ssung zii erniitteln ist. Das lirythem halt noch langere Zeut an 
unter der Bn'iunung und v<Trat sich durch die rotlichc? Tonung der letzteren. 


f 2) Die Pigmenliermp^ 

Der Beginn dor Pigmentierung liisst sich < ’.s den Veranderungen d(T Kemi.ssion im 
Rot bestimmen, wenn der Einfluss des Erythems beriicksichtigt wird. Sehr hiLiifig fiel 
mit dem derart ermittclten Beginn der Pigmentierung cine Aufhellung im Rot zu- 
sammen. Wir halten diese ,,Pigmentaufhellung’* fiir ein Anzeichen des Entstehens 
starker remittierendcr Vorprodukte des Mc^lanins. Die Remission im Griin wird durch 
die Pigment vermehrung beeinflusst, sobakl die Absorption der Pigmcntgranula die der 
blutgefullten Gefasse ubersteigt. Die Zunahme des Pigmentes ertolgt unregelmassig. 


IMemlur S. jnj 




504 


H. BAUDACH 


Sie geht teilweise stufenformig vor sich. Dorno^ bezeichnete eine derartige Erschei 
nung als Pigmentschub. 

(3) Einfluss von Transparenzandertingen 

Bis jetzt wird bei der Beurteilung der Hautreaktion nach UV -Liclit-Bestrahlung 
nur das Erythem imd die Figmentierung berucksichtigt. Wir fanden aber auch einen 
wescntlichen Einfluss von Transparenzandcrungcn der oberen und mittleren Haut- 
schichten. Sie haben offensichtlich grossen Anteil an dem wellenfbrmigen Ablauf des 
Eiythems. Bereits an unbestrahlter Haut fanden wir betraclitliche Hclligkeits- 
^hwankungen als Folge von Transparenzandcrungcn. 

Bei einigen Hautreaktionen fanden wir als Folge veninderter Transparenz besonders 
Starke Dunklungen. Dieser Effekt wurde (lurch starkes subcutanes Fettgew(!be noch 
verstarkt und macht die Beurteilung der UV-Reaktion nach dem Riitungsgrad frag- 
wiirdig. 



Abb. 3. Spektra'ie Kcniissionsktirvcn cincr 
menschlichcn Haut (Unterarm) zu vcrschie- 
clcncn Zrit])unktcn vor (N) und nach der 
Bcstrahlung. 



Abh. 4. Rer.ii8sic)nsaiHleruiig(;n inensch- 
liclu r imd t:orischer (e) Haut abhangig 
V4)n drr Zeit a — - bestrahlt; h e 
unbestrahit. 


(4) Vereinfachte spekimle Messungen 

Unserc Untersuchungen zeigten, class cs durchaus vertretbar ist, die Remissions- 
iinderungen bei wenigen Wellenlangen zu messen und zur Beurteilung der Hautreak- 
tion heranziiziehen. Als Voraussetzung liierfur muss aber die spektrale Remissions- 
kurve bekannt sein. Wir fanden die spektrale Remissioirskurvc der Haut von Mensch 
und Kaninchen so, wie sie von Edwards und Duntlej^ beschrieben worden ist. Ein 
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Maximum im Rot bei 630 m/j wie Bode fanden wir nicht. Die Verschiobung der Re- 
missionskurven wahrend der Haiitreaktion entspricht aber in grossen Ziigen den 
Vorstellungen seit Bode (Abb. 3). Fiir die vereinfachte Darstellung der Remissions- 
anderungen wahlten wir als Minimum drei Wellenlangen aus. Es sind dies 504, 551 
und 022 m/^. Sie liegen an markanten Punkten dor Romissionskurve und lassen Ver- 
gloic ho mit den Bcfunden anderer Autoren zu. 
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Tag 

Abb 5 . RoniissionscindiM'uiiRen mcnschlichcr Haiit abliangiK von der Zeit niicli HestrahluiiK mit 
IJ V-Messiingcn iiii Absland von 2 bis 0 Stunden. Vrrgl. mit Abb. i and 4 . 


An dor unbostrahlton Haiit fanden wir leilweiso grosse Romissionsand(Tungon 
(Abb. 4). Sio sind oft durch Transparonzandorungen bedingt. Da diose Holligkoits- 
anderungen an bemaohbarten Hautstellen nnterschiodliLli a!)laufon, halton wir einen 
clirekten Vergloich oiner unbostrahltcm Hautstelle mit dor bestrahlton fiir unzuliissig. 
Wir tragen die Differenz der Remission in unseron Kurven auf, dio zwischen Zeitpunkt 
der Messung und vor dor Bestrahlung bosteht. Als wjr die Remissionsanderungen 
im Griin und Blau in einem Diagramm in Beziehung setzten (Abb. 2), orhielton wir 
fiir rotungs- und bniunungsbetonto Reaktioneu deutlich unterschicdlicho Kurven. 
Ersterc glichen den von reinen Erythemen an Kaninclionhaut erhaltcnon. 

Institul fiir Struhlenforsclmng, Helmut Baudacu 

II nmboldt-liniversitai, Berlin ( neuhchland) 


^ H. G. Bode, Simhlentherapie, 51 (i934) 

* E. A. Edwards und S. Q. Duntley, Am. J. Anat., 05 (1939) J- 
® C. Dorno. Sirahlentherapie, 22 (19-26) 70. 
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Quantitative measurements of the reactions of human skin to ultra- 

vioiet light 

Sunburn and tanning arc commonly observed reactions of human skin to ultraviolet 
radiation. 'rhc.sc have frequently been described in a clinical manner, most often on 
the basis of a minimal perceptible erythema. Our studies of the effects of ultraviolet 
light on human skin have included a large numbt'r of in.strumental measurements of 
erythema and of melanin which make possible much more complete evaluations of the 
operating e.haracteristics of these responses. 



rig. I. Time course of mean green reflectance readings \vilii multiple solar exposures. 


Photoelectric reflectomctersi-^ permit exprc.ssion of skitt cob^r in numerical units, 
and provide some of the information supplied by more expensive, reflectance spectro- 
photometers. We have used the Photovolt 6io-l' reflectometer* with blue, green and 
amber tristimulus filters and also with a red gla.?s filter (Corning 2403). Since tht; 
principal aim is to measure melanin and hemoglobin separately, narrow band pass 
interference filters have also been used to accomplish abridged .spectrophotometry. 
An interference filter with transmittance peak at 542 or 576 m/i or the green tristimu- 
lus filter is used for response to hemoglobin plus melanin, and the red filter to measure 
melanin with minimal effect of hemoglobin^-®. 

In general, clinical findings are confirmed, buf the reflectance numbers give quanti- 
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tati\’e validity and permit studies of correlation and regression**. These studies have 
been ori('nted particularly to the effects of sunburn produced by sunlight or by a 
high-p)ressure mercury arc filtered through a narrow band pass interference filter with 
a maximum at 295 m/<, and to photosensitized reactions produced in human skin by 
oral or topical administration of 8-methoxy psoralen plus sunlight or long-wave ultra- 
violet light from black light fluon*scent lamps. 



METHOXSALEN bUNLIGHT 



Days Since Exposure (logscoit) 

i'iy i. Tim(‘ coiivst' of rnolanin following solar Kfd filtrr rrfU'ctaiKu*, n ^ 10, rxccpl 

wIhto iniliraied. 


The psoralen (furocoumarin) compounds are a serit's of v iierials found in plants 
where they app^irently function ;is growth and germination inhibitors**. The native 
plants or refined pre])arations cause plivtophotodiTinatitis. The.se corn|.)ounds have 
also had a vogm? for the treatment of vitiligo and for the potentiation ol skin pigmen- 
tation in persons genetically maladapted to sunny climates, and in persons who value 
suntan. 

Fig. I shows the time course of reflectance readings in 30 men who had repetitive 
noon-day sun exposures of 20 and 40 rnin at latitinh* 45 ’N starting the .second we(*k 
of July. The succcssiv’'e exposures arc indicated by the flotted vertical lines. 1 his study 
was done in a prison and it was not po.ssibl(; administratively to obtain all readings on 
all the men. Hence the means arc based on 'S to 26 subjects. The* readings just prior 
to th(' fourth e.xposure were taken two weeks rather than one week after cxj)osure. 
The readings taken one week after exposure are connected by a dotted line, this line 
as confirmed by red filter mea.surements represents the melanin response. I he steep 
ri.se to 2 days represents erythema for each exposure; level. Ec^ual weekly re-exposure 
times maintained a fixed melanin level. When the repetitive 40-min area was then 
exposed for progre.ssive additional e.xposures to 60 and 80 min, an apparently linear 
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increase in melanin resulted. A similar but less conclusive result was obtained with 
the 20-min areas increased to 30 and 40 min. The two-day periods show progressive 
damping as equal exposures are repeated and then increase in erythema again with 
the increased exposure time, exhibiting the properties of a well-regulated system. 
The practical importance of progres.sive increase in exposure to promote tanning and 
solar tolerance is evident. 

The time courses of melanin following single exposures of different durations are 
summarized in Fig. 2. Here mean values for red reflectance of 10 men exposed to 
sunlight for 30, 40, 50 and 60 min are compared with the same men exposed in a cross- 
over design to 10, 20, 30 and 40 min of sunlight 2 h after ingesting 30 mg of 8- 
methoxyp-soralen. The photosensitizing effect of the 8MP is indicated by a greater 
pigment response and a much longer time required to reach the peak of melanization. 

The red reflectance change at one and two days is largely tin* result of the slight 
sensitivity of this filter to the intense erythema present at that time. ('ompari.son of 
the two erythemas gave significant correlations of 0.70 for 40 min (y = 1.09 -h o.94,v). 
Thus subjects who developed more erythema with sunlight tended to de^•elop mon? of 
a response to photosensitization. 

Tlie difference in response with and without psoralen depends on the ratio of 2900 
to 3100 A light which produces the sunburn reaction and the wa\’elengfhs around 
3600 A which produce the photosensitized reaction. Under tlie conditions of this 
experiment the two-day mean green reflectance difference from control for placebo j 
sunlight were 30 min, 7: 40 min, 10; 50 min, 11.7 and bo min, 13. j. The metho.\.salen 
areas showed for 10 min, 4 ; 20 min, 7 ; 30 min, 8.7 and 40 min, 11.3. Thus the iTvtlumia 
produced by photosensitization added the approximate equivah'iit of 10 min of solar 
exposure. The pigment response, however, was much greater, as .shown in Fig. 2. h'or 
equal pigment response only about half as much exposure time was required. Thi‘- 
was further analyzed by graphing and calculating the linear regressions of pigment 
response (red filter) on erythema (573-m/i filter). For sunburn the correlation was 
0.76 (y = 1.84 4- o.itpc), and for the photosensitized reaction the correlation was 
0.67 (y = — 0.43 -f 0.O4X). The scatter was mucli greater tor the photosensitized 
response. 

These studies of the operating characteristics of two types of ultraviolet damage to 
human skin do not give information on pmaary or delayed biochemical events but do 
indicate the response parameters into whica the complex series of events must be 
fitted. 
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Portland, Ore. (U.S.A .) 
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In vitro - Untersuch ungen zu pathologischen Lichtreaktionen der Haut 

Im Kabmcn der Lichtdormatosen spLlen die Photoallergien eiiie Rolle, die ihre 
niiliere Unlersiichung niclit nur fiir die Fhotopathologie, sondern uuch fiir die Aller- 
^ologie bcsonders loluiend erscheinen liisst. Ini Priiizip liandelt es sidi bei den photo- 
allergischen Phiinomenen um ileii gleicla'ii Vorgang wie bei den einfachen Allergien, 
init dern Unterschied, dass das Allergen erst in der Haut unter Mitwirkung des Idclites 
entsteht. 


TAHKLLK I 

ABLMJF UKR ALl-KRt-iKNUILUlINt; UKI ULR KINFAI H KN UNO ORR I'HOTOALLKRCa K 


I'murU 

(odrr Kfirpi-nrtHt’ris) 

Jfapten - 

AlU'rgie a.M. /J-Aitiino- 

1. Ordnuiig hcnzocsauru 


Ciitano Prohaptcn 

z.H. /)-Aniino- 

[I.Orclnuiig lu‘nzo(»saur('(’St<T 


Haut 

t 'mminMunp Hiuvi'ishtiuiitn!* 


(lurch Flautfcnnnite 

... — ^ Hapten - ' 

(z.n. VcrseifiiiiK) /)-Aniiii()- 

l)enzo(‘saure 


•- All<^rKen 
PA13-i*rotein 


* > Allergen 
I’AB- Protein 


; (lurch Liclitwirkung 

Photo- Proliapton — 1 v ilapten -- > Allergen 

iUUTRie z.H. Si.lfanilaniid i (z.H, Oxyclation) />-lIy<lroxylamino- HBSA.-l>roloin 

I btMizolsulfonaniid 


W'ahrend ini einfachsten Falle der gewolinlichen Allei^ie die Siibstanz (lurch die* 
Haut als Hapten jieriiK'iert, sieli dort niit Eiweiss ziim eige.'Micbeii All(*Tgen unis(dzt 
und in dieser Form mit friiber g(*bildet(!n y\ntik()rpern reagb^rt, ist fiir viele sog. 
Allergene zunachst cine Uinsetzung, z.B. Verseifung, in das eigentliche Haptt^n und 
dann erst Allerg('n-Bildung und Reaktion niit dem Antikbrpc'r anzunehmen. Bei- 
s])i('le bierfiir sind die /^-Aminobc'iizot'saure eini'rs(.*its, ihre Ester aiidererseits. 

Ganz entsprechend pcrmeii^rt im Falle der Pbotoallergie ein wirkuiigsl()S(*s Pro- 
hapten, das unter Lichteinwirkung in der Haut durch eine [diotocheniische Umwand- 
lung vor Oder nach der Eiweissbindung in das eigentliche Allergen uberfiihrt wird. 
N('ben der Frage, ob db? photochemische Urnwandlung vor oder nach der Eiweissbin- 
dung eintritt, interessiert hierbc'i naturgernass besonders der Ablauf einer solchen 
photochemischen Rc'aktion in der Haut. 

J3azu wurden unter den verscliiedeneii, pliotoallergisch wirksamcm Substanzen die 
Sulfonamide und Phenothiazine nah(?r auf ihr Vcirhalten gegen Licht in vitro unter- 
sucht. 

Vertreter beider Verbindungsklassen zeigten dabei eine mehr oder weniger intensive 
Verfarbung im Licht, wobei die Phenothiazine je nach dem pH verschiedene, toils 
rote, toils blaue Farbtonungen aufwiescn. Auch bei einigen Sulfonamidcm traten beim 
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TABELLE II 




PATHOI.OGISCHE I.tCHTREAKTlONEN DEE HAUT 

Belichten blaurote Farbungcn auf, die bercits 193S von Ottenberg, Fox und Cline^>* 
bcobachtot wordcn waren. Solclio photochemisch verfiirbten Ldsimgen z.B. von 
Chlorpromazin ergaben nun bei ontspreehenden Photoallorgikern stark positive 
Hautreaktionen ohno zusatzliche Bcdiehtung. wiihrend unveriindertes Chlorpromazin 
nur nuch zusiitzlioher Belichtung der Haut zu Keaktionen fulnt<*. Dabei variierte die 
Intensitiit der Hautreaktion erheblich in Abhangigk(*it von dem j)H-\Vert, bei dtnn die 
Vorbestrahlung der I^isung durchgefiihrt worden war. Und zw'ar war die Hautreak- 
tion nach Vorbestrahlung bei pH-Werten uin 5 am stiirksten, wahrend bestrahlte 
I.6sungen init cincm pn von b.5 oder 7.4 eine wesentlich schwiichore Hautreaktion 
auslosten. Entsprechende Differenzen wurden mm aueh im V'crlialtt'u der Cblorpro- 
niazin-Ldsungen bcim Belichtcai beobaehtol. Wiilirend namlicli in annahernd luuitra- 



Abb. I. ICxtinktion bei 338 mfi und 800 mfi nacli IJelichtung von Chlorpromazin io-‘* und 

----- Promi'tiiazin 10—* in .\bhangigkcit von dvr Iivlichtung.sz(.*it. 


ler Lfisung rdtlichc Verfilrbungen auftraten, bildete sich bei pH aus ('hlor- 

promazin beim Belicliten ein allmalilich aus gell)er Lfisung ausflockender, blauer 
Farbstoff. 

Da.ss gerade dieser photoch<;mischen Umwandlung eine be.sondere Bedeutung fiir 
die Photoallergie zukomnicn muss, ergibt sich nicht nur aus der starken Hautreaktion 
beim Photoallergiker auf solche blauen Losungen, sondern auch aus dem Verhalten 
anderer Phenothiazine. Es zeigtc .sich n -nlich, dass nur wt;nige Phenothiazin- 
D(!rivate unter diesen Bedingungen eine Blaufarbung entwickeln. Und zwar sind es 
gerade diejenigcn, von denen .sichere Photoallergicn bekannt sind. 

Neben dem Clilorpromazin sind dies das Perphenazin und das NP 207. Ausser 
diesen bildeten auch noch einige weitere Phenothiazine blauc Farbstoffe von denen 
bisher keine PhotoaJlergien beschrieben worden sind. 

Die gros.sere Gruppe der untersuchten Substanzen enthielt jene Phenothiazine, die 
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beim BeUcbten keinc Blauf&rbung zeigteh und von denen bisher keine sicber- ' 
PhotoaJlergien beschrieben warden sind. Bei diesen Substanzen waren auch unbe 
lichtete L3.ppchcntestc bei Allergikern positiv. 

Ahnliche — in chemisch-strukturcller Hinsicht allerdings weniger ubersichtliche - 
Verhaltnisse wurden auch bei den Sulfonamiden bcobachtet. Auch hier zeigten die- 
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I'ABELLE TV 

CrfKMIE DER PHOTOALLKRGKNE 


HNll 

1 

HNOH 

1 

1 
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SOaNHa 
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(ClhOaN / ^,S 


(-1 ) 

,N((:n;,)2 


K 

Sulluxyd 

EpiculaiiU'sttj b(‘i Ph<»toallcrgik(‘rn nogativ 
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jenigjen Substiinzen die stiiikslo Vt‘rfarl>nn{^ brim Ht'licliL'.n, als BhotoalUir^rne 
bckannt sirid. 

Wahrcnd bf'i den Sulfonamidcii dan h dio Arbidton \ on Schwarz, Sjwck und Burck- 
luirdt^-'’ biTcits die entscheidendc! Zwis<;liensul)stanz in {'i.'.stalt des erstmals lyjq von 
Sliinn’ n.a. beini Belicht«;n von Snlfanilamid erhalten<-n /(-Hydroxylaminobenzolsul- 
fonamids bekannt ist, f'clang (‘s bisher nicht, die chemisciie Natnr der aus d«‘n Blu;- 
nothiazinen entsteiuaiden, photoehtiniischen Umvvandlungsprodukte aufzuklaron. 
Diese Snbstanzon sind nicht nur sehr unbestaiidig. sondon waren iiisher aucli nur 
mit sehr schlechler Ausbeiitc priLparatix’ gewinnbar. Aus alien bisherigen B<*funden 
lasst sich aber sagen, dass Sulfoxyde offenbar keine Rollt' spielen, <lass vielmehr ciner 
Umwandlung in der 3-Stellung dii; grlisste Btideutiing zukomnit. Und zwar wird, wit; 
sicli aus Infrarot-Spcktren ergab, offenbai das (dilor abgespalien und durch cinen 
Saucrstoff-haltigcn Substituenteii ersetzt. Uiese Annahme wird durch ein entspre- 
chendcs Verhalten der 3-Hydroxyverbindung ganz wesentlich gestiitzt. 

Die bci diesen Untersuchungen festgesb-llte Parallelitiit zwischen photf)allergi- 
sierender Wirkung und photochemischero Verhalten, dessen pii-Abhangigkeit im 
Falle des Chlorpromazins auch die latsache erklaren diirfte, dass nur die percutane 
Aufnahme zu Photoallergien fiihrt, erscheint in zweierlei Hinsicht bedeutsam. 
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TAHEU.K V 

PATHOGENESE DER PHOTOAUTO- UND PHOTOKETEROKEAKTION 

Photoautoreaktion Photoheleroreaklion 


Wirksamer Lichtbcreich 


rVB (bci Photoscnsibilisicning 
aiich anclere Bcroichc) 


vcrschicjclon 


Reaktionssystcm 


Physiologische Hautbcstandb'ik* 


oxogcnc cider endogeiie unphysio- 
logischc Hautbestandteile 


photochemischc l*mwandlung 

Rc^aktion (durch Pliotosensibilisiening ]ih()t()ch(»iniselic' Umwandlung 

v'crstarkt) 


Effckt 


T.ichterythc'iii usvv. (durch Photo- von der Natur der photocliemisch 
sensibilisiening verstarkt) ciitstaTidc'iU'n Produkle abhangig 


Einmal liisst dio pliotochomische Untorsuchung neucr Substanzc'ii (dne gewisso 
Vorhorsage pbotoallergischer Neb(Miwirkungon zu, zum andereii weist di*^ Fcststelliing 
photocheniischer Frozcsse in der Haut auf deron Bodciitung im Rahmeii der gesamtcn 
Photopathologie . 

Die grosse Zahl klinischer und cxperimeiitcller Bcobachtiingen niit pliotodyiia- 
niisch wirksamen, photosensibilisi(T('nden Siibstanzen hat d.t*; Interesse vielleiclit 
etwas einseitig in diese Richtung gt*lenkt, auf Hautreaktionen also, dlv sich als Photo- 
autoreaktionen an dem physiologisdien, autoclithonen, photot lK niischen Rt^aktions- 
system der Haut abspieleii. Wit* die Photoallergie und ihre PathogtMU'se aber zeigtiu, 
solltt* daneben aucli mit Photolietororeaktionen gerechnet werden, mil Rt^aktionen 
also, bei denen nonnalerweise in der Haut nicht vorkomrnende Stoffe photoe.htnniseh 
in pathogent* Substanzen umgt'wandelt werden und dadurcli zu Hautv(*randerungen 
fuhren, die sich ini (iegensatz zur niotosensibilisierung moqihologisch mt‘hr odci 
weniger weitgehend von der jihysiologiscluin Liehtreaktion der Haul unterscheiden. 
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Tierexperimentelle Untersuchungen zur Keratokonjunktivitis photo- 

aliergica 

Das 1957 boschriebcni' Kranklieitsbikl dor KcTatokonjuiiktivitis photoallcrgica 
(K.ph.) ist charaktorisiort (lurch pathc^lof^ischo Roaktionon von Hornliaut uiid Binde- 
haut auf langwelliges Ultra\'iolottlicht (IIVA). Du*sor Strahk^nboroioh dos Sonnen- 
lichtos bewirkt norma I or woi so die dirokto Figmiintioning und ist als ausk'iscmdor Spok- 
tralbon'ich boi photodynamist lion Tlautroaklioni'ii. z.B. (lurch Phi‘nothiazin<* bekannt. 

Di(‘ ontzundlichon Vorandorungon am Augo konnc'U dabei dorart t'xcossiv sein, dass 
os zur Perforation dor Hornhaut kommt. In oiiiom lioobachtungsfall vvussto man sich 
niclit anders zu hedfon, als dom Patic^ntc^n monatolang btddo Angon bis auf cinen 
schmaU'ii Sj^alt zu v('rnahon. 

!r?V li(ww:t es nun zu dii’scw eindrucksvollcn Krankheiialdld? Pathologischo Haut- 
roaktionon auf lang\vollig(\s Ullraviolcttlie lit konnt man in d(*r Donna tologie boi 
polymorph Lichtkranken im Simio Haxthausons und boi \jonsclion. die (lurch oxogo.n 
zugediihrto photodynamisch wirksame' Subst.inzen gogtMi Licht s(Misibilisiort vvurden. 

In dor i; ■'»nno(lizin sahon Enzio und Whitmore^ boi dor oralon Phonothiazin- 
WuriTiboliandlung von Ziogon mit 25 g bed ausgcwachseMion TiortMi unel 12.5 g bei 
Jungtioron das Auftreden ednor Keratokonjunktivitis 42 StundeMi nach Meidikamemt- 
anwondung boi sonnigenn Wetter. 

Alio bishor beobachtote'ii, an edner K.ph. erkranktem Monschon hatte^n Umgang mit 
photodynamisch wirksamon Substanzon odor be*katnon dorartigo Stoffo aus thcra- 
penitischem (iriindon zugofuhrt. Es handolto siedi dabed vorwiegond um Sulfonamide, 
Paraaminosalicylsauro und Phene)tlnazine!. Die hypothedi.schei Annahino einor Liclit- 
semsibilisicrung durch solcho Substanzem lag de^shalb naho. 

Kami man hei Tiercn mit solchcn Stoffen dhnUchc odcr glciche Krankhcilsbildcr 
cxpcrimenUdl liervorrufcpi? Dor Klarung die*"(r h'rage' di*- iit«*n iimfangroiclie Tiore^x- 
perimonto mit unteM’.schie'dlich(?n photodynamisch wirksamem Substanzon in vtu- 
schiedoTur Woiso an ^’orschie.*donon "rierarton appliziert. 

Den grundsatzliclion Boweds dafi'ir, dass os moglich ist, (lurch lokalo AnvVe'iidung 
oiner photodynamisch wirk.same'ii Subslanz am Auge edno Lichtsonsibilisierung hor- 
\*orzurufen, fuhrton wir mit ednor 2%ige‘n Leisung von N-(3'-Dimotliylamino-propyI)- 
3-chlorphonothiazin PH7am Augo von Wistarratten*. Nacli 15-maliger Applikation 
innorhalb von 40 Tagon von jo 5—6 Tropfon die^sor Leisung in don Konjunktivalsack 
dor Tiorc und anschli(!Ssonder Sonnenbelichtung kain es zur Entwicklung einor Kora- 
tokonjunktivitis mit erhe^blichor Lichtscheu und z. F. bledbonden V\!nlndorungon an 
Hornhaut und Konjunktiva, wic Sie sie auf folgondon Bildern sohen. Im Dunkeln 
belassene Kontrolltiere bliobon orscheinuiit frei. 

Die tiefgreife'nd(m Veranderungen an den Augen dor Albinoratten lass(m sich am 
b(‘stcn mit Hilfe dcs Spaltlampemmikroskopos nachweisen, sind jedoch wegen der 
Pigmentarmut der Augen ciuf Photogrammon nur sehr schwer festzuhaltem. 

.Bei den Kontrolltieren (Abb. i) erkennen Sic die perlucide Hornhaut, die den Blick 
auf die Regenbogenhaut freigibt. Diese ist praktisch pigmentlos, sodass ihre Farbe 
woitgehend durch das Blut der Irisgefasse bestimmt wird. 
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Nach der Lichtsensildlisiening kommt es zuniichst zu cincr akutcn, mit cine 
Vcrborkung der Lidrilnder einhorgehenden Konjunktivilis (Abb. 2). VVenigc Tag 
darauf stellt sich dann eino Epithelnckro.se dor Hornhaut sowio cine obcrflachlicln 
Parenchymtriibung ein, die allniahlich auf die mittlercn Hornhantlagen iibergreift. 
Am End(' des Versuches bestchen in der Lidspaltenzoiu! diehti* Opazitiiten der Cornea 



3 iind 4. Liclitstmsibilisiorle Kattonaugtm (SpatstacUuni). 


mit oberflachlichcr Gefasseinspro.ssung (Abb. 3 und 4). In zwei Fallon kam o.s sogar 
zu einer Hornhauteinschmelzung mit Irisvorfall und Ausheilung in Form cines Txnico- 
ma adhaercns. 

Zur Klarung der Frago, ob die Lichtsensibilisierung abhangig ist von der Menge der 
appliziertcn photodynamisch wirksamcn Substanz und der Lichtintcnsitat wurden 
erganzcndo Versuche mit io‘X,igor glcichartiger Phenothiazinlasung bei 20 Wistar- 
ratten angcsetzt. 5-6 Tropfen dieser Losung wurden den Tieren in 2-3 tilgigon Ab- 
stJinden in den Konjunktivalsack gotraufelt, anschliessend wurden 10 Tiere ins 
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Dunkl« gebracht, clit; ancleron 10 fiir 2-3 Stundcii ileni Hi'i'bstsonnenliclit ausgest^tzt. 
Schon nucb ilor 3. spatestons 4. Hehandlung mil Bcslrahlung kam t*s bei deti Bclich- 
tungsticrfii zur Ausbildung oinor Keratokonjunktix’itis, wio wr sic? friiher mit dt?r 
2‘’oigc?n lAisung erst nach 15 Rehandlungc'n erzielen konntcn. OI)gleich aucli die 



Al)l). 5. h'i*inf(»'\vfl)li( li(T Hffmul hi'im iior- 
inalcn Kallcnau^c. Garbling. A/aii nach 
J Icidciiliain. 



\l)h. (*. hVingc\vi*l)]icl)(*r hcfuiKl bcini licht- 
sciisibilisif rlcn Kattcnaiigc. 'rTiclnfiinfarbung 
nach Masson. 


I)unkc*lti(Mt^ wolil toxisch bcdin/gtc Kriziin^^m der A’-grn aufwiescn, ist riii- 
di'iitig f('ststellbar: Dir Mrngr drr applizi(*rt('n photodynamisr.licn Siibstaiiz Ixi- 
srhlruiiigt di(! Liclitsc'nsibili.sirrinifj dcs Ti(*raug<'s f^anz wrs(*ntlirli. 

Znr Brurtcilung, ob di(' Strahlrnintrnsilai fur dii* Entwic kluii^ drr IvTatokon- 
junktivitis von Bedcnitunp ist, wimlen b(*i alien V(Tsiirhrn dir Brstralilun|<s(dfrktr 
von Tagrn init b(‘drcktrin Iliminrl niit drum von wolkcMiloscuTi Hitnnirl vrrglichr.n. 
Hirrbri war rind('uti^ frststrllb.'ir, dass starkrrr Li(*litint(‘nsitat zu stilrk«*rrn kli- 
nisr.h(*n Symptoint'ii fulirt(‘. 

Die Fragr, ob durrh intcnsiwrr Brstralilungrinr scluirllrrr Lichtsrnsibilisirningdrr 
Au^cn bcwirkl wurd(‘, konntr mit nns«'rrr Vc'rsurhsanorflnung nn’Iit sirhrr brant wor- 
trt werden, rrsclirint abrr vvalirsi:lu;inlirli. 

Wrlche feingrwrblichen Vrranderungen bic'trt nun rin d(Tart gcgrii Lirht srnsibili- 
sirrtes Rattrnauge im Vorgleich zu drm Brfund (‘inrs Kontrolltit^res? 

Auf der narhstcm Aufnahmc rrkrnnen Sii? einrn Horizontalschnitt (lurch Hornhaut 
und Kamnu^rwinkci des Auges rines unbrstrahltrn lucres (Abb. 5). Bpithel und 
(-Hasint^mbranon sind intakt, das Parenchyrn drr Corneci srlbst zrigt cine normalr 
Lainrllcnstruktur ohne jedo entzundlichc Infiltration odor Grfasscinsprossung. Brim 
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bestrahlten Tier (Abb. 6) sind die oberen 2/3 der Cornea aufgeldst diirch cin Granu 
lationsgewebe, welches sich aus Fibroblasten, kleinrundzelligen Elemonten imd zahl 
reichen neugebildetcn Kapillaren aufbaut. Lediglich die hinteren Membrananteilt 
sind in den Prozess nicht cinbezogcn. Bei 2 Fallen land sich auch histologisch eii 
Leukoma adhaerens nnch Perforation eines durch die Photoscmsibilisierung gesetzter 
Hornhautulcus. 

Ahschliessend mochten wir feststcllen: Dirckt am Rattenauge applizierte photo 
dynamisch wirksame Substanzen konnen zur lokalcn Lichtsensibilisierung diese: 
Organs fiihren. Die Schnclligkeit mit der die Liclitsensibilisierung eintritt, diirfb 
abhiingig sein von der Mengc der applizierten photodj’namisch wirksamen Substan. 
und wahrscheinlich auch von der Lichtintimsitat. 

Als typische fcingewcbliche Veranderungdeslichtsensibilisierten Kattenaiiges finde 
man im Friihstadium eine Nekrobiose des Epithols, einen Zerfall der obcrflachlichei 
Hornhaiitlamellen, auf dem Hohepunkt des Prozesses einen Ersatz der oberfliich 
lichen Hornhautlagen durch ein gefassreiclu's (iramilationsgewebc. 

Die Veranderungen kemnen derartig tiefgreifend sein, dass es zur Hornhautulcera 
tion und zur Einheilung von Irisgewebe in den Hornhautdefekt komnit. 

Die Entstehung der menschlichen K.ph. als Kombinationseffekt von photody 
namisch wirksjimer Substanz und Sonnencinwirkung gewinjit durch diese Versuch 
an Wahrscheinlichkeit. 

Universitdts-IIauiklinik und UnivcrsiUUs- K. Wulf 

Augenklinik, Hamburg-i: ppendorf \ K. H. Meyer zum Buschenfeld 

Hautabteilung am Stadtkrankenhaits Kassel: K. ULLERicuf 

und A ugenklinik der Siddtischen Krankenanst alien 
Dortmund ( Deutschland) 
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Experimentelle Untersuchungen iiber den Einfluss dermatotherapeu- 
tischer Faktoren auf die UV-Erythemschwelle 

111 ilcr vorliegencicn Arbiiit wimU* vvrsiuht. oini*n Kiiiblirk in di(i nocli vvenig it- 
forschtc Reoinflussung der Hautempfindlichkoit ^"e^i-nulxT L^V-Licht durch dorm.'ito- 
tli(‘rapt‘iitisrhi* Faktoren zu erhalten. Eine Reiln* A on Hebandlungsmassnahinen fiir 
\'ei>»('lii(Hlcne Derrnatosen. die eiiuTseits ausserlicli, aiiderseits pt»roral und parenteral 
zur Anwendung kamen, warden daher in ihrer Aiiswirkung auf die UV-Erythem- 
Si hwtdle untersuclit. Diireh die Beslimniung der lIX'-Erythenist'liwelle gelingt es, 
metliodisch die zi'itliehe B(‘grenzun^ der I lautrbtunf^ zii b(‘urteilen, die Wucherpfennig^ 
7 Stunden iiaeh einer Bestraliliinf^^ mit der Sektorentreppe als nocli eben (*rkeiiiibare 
I'eldunnandung definiert und als Masstab der LR‘ht(‘m|)findli('likeit der Haul ansieht. 
Ellin^er- fand mit Hilf(» des UV-ErytliemschwelleinviTtes, dass das LebensaltcT, 
Haarfarbt' und G<\sclil('cht des Menschen sowie individiielle Sehwankuiif'i'n und 
Kassenunb'iscliiede und aiich jahreszeitlielie Seliwankui;f;en die ldclitempfindli(‘likeit 
l)(H*infhissen kdnnen. Hegeinann*^ bezeichnet das U\ -Erythem als unspezifise.hes 
Modell fiu* Kv”^'*ntzun(lungen, die, (‘beiiM) vvie dit' dureh meehaniselieoder thermisehe 
Reiz(t b(‘dinf;(tcn, all;<(‘m('ine Gesetzmassif^keiten erkennen lassen. Sc luinieke® fand, 
dass das sympatliiseli parasyin])atliisclie SysttMn je nacli R(‘aktionsla{;;e sowobl das 
l'\’ Erytbein als auch (lessen Intensitiit wi'simtlieh bestimint. fm Sinm* einer iMink- 
tionspnifun^ der Haul gelingt es demiiach,init d(T lJV-Ivrythemsehwell(‘ die VVirkun/L;: 
vers<'hied(*nst(T ls'ikton*n auf d(*n Organismus su litbar zu rnaehen. 

Bei unseren l'ntersiu'lmng(*n wurde di(‘ F>eslimmunji: der IJ V-Erythernsehwi‘lle, wit* 
aueh von ElIiuKer-, Selitaiickt*** und HegemannS mil messbar abgestufttm UV- 
Strahlendosen (*in(T Sektorentreppt* an der Haut des Kuckt»ns vorgenoinm(*n. Das 
bVId, das iiacli 24 Stunden b('i Tagt^sliehtbtdrachtung gerade noch eine deiitlieh 
siclitban* Rtitung mit st liarfer Begrenzung t'rkennt'ii lie.o, wurdt* als Eryth(*ms(*Iiwelle 
registriert. IJm Wiinne- od(*r andere fliielitigt* Erythemt j ’lszuschalten, wahlt(*ii wir 
eine Ablcsezeit \’on 24 Stunden. Nach Bt’jlmier und LiebeE sind die UnttTsehiede 
zwisehen dem 24-SluiuU'n- und j-SluiuU'iiwert als uii(*rheblieb zu betraehten. Wir 
verwendelen fiir die Bestrahlungstrei)])e 12 je i : 2 cm grosse belder (it i - E 12), 
die in aritlimetisclier Reilit*. b(*i (*inem Ilautabstand von 50 cm zur l^(*strahlungs(pielle, 
nacli 5 Minuteii Itinbrenndaiier fiinfzc^hn Sekunden lang bestrahlt warden, so dass auf 
E I fiinfzehn Sekundt'n und auf E 12 drei Minuten entfielen. Mit dieser Versuelis- 
anordnung war es mdglich, eine geniigend genaue 'irennung der einzeln(*n ludder zu 
(‘iTeiclien. Zur Bestralilung diente uns eine Hanauer Quarzlampe S U W(*chsel- 
strom, deren Netzspannung mit einem Voltmeter zu kontrollieren und konstant zu 
haltcn war. 

Zuiuiclist wurde die Bestimmung des Xormalwertes der 1; V-Erythemschw(dle fiir 
die zu unseren Untersuchungen \’erwendetc Quarzlampe bei 30 als normal und gesund 
zu betrachtenden Personeii dureligefiilirt. Es ergab sit'li rin Mittelwert, der in Ober- 
einstimmung mit Voruntersiichern im teld 5 l‘tg. Daruber hinaus wurdtj bei jedem 
Fall der UV-Erythemschwollcnwert aueh noeh vor der Anwendung der zu unter- 
suchenden therapeut»^ehen Massnahmen bestimmt und fiir die Beurtcilung der Unter- 
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Huchungsergebnisst' wit dew Mittelwert in Beziehung gcsetzt. luir cine Ober - 1 . 
Untcrempfindlichkeit dcr UV-Erythomachwclle war cine Ahwcichung von mfndr 
tens 30% zu fordeni, di(.'demnarh bci einem Unterschied von 3 Feldem gegcben wai 

Fiir unsere Untersuclinngen standen uns 73 Falle zur Vcrfugung. Bei ihnon wurdei 
folgende Hcilmittel angew’endet: Cortison (-- Prednisolon und Dexamethason) 
Megaphen (— N-(3'-Dimetliylamino-propyl)-3-clilorplK;nothiacin) undRiinifon (— Iso 
nikotinsaurehydrazid) bei innerlicher Darreichung; Arsen (als Solarson -- Ammo- 
niumsalz der Heptcnchlorarsinsaurc), Eigenblut und Milch in Form von Injektionen 
Meladinine (— Ammoidin und Ammidin) zur lokalen Bchandlung. 

Bei folgenden Hautkrankheiten wurden dic'sc; Mittcl mit Erfolg angewendet 
Cortison bei Urticaria, Cheiropompholyx und Alopecia areata; Megaphen bei Ekzem 
Pruritus, Ulcus cruris und Dermatomykosen ; Rimifon bei Lupus vrdgaris; Arsen- 
injektionen bei Alojiecien und Psoriasis vulgaris: Eigonbluteinspritzungen bei Urti 
caria; Milchinjektionen bei Lichen ruber planus. Meladinine, das bei Vitiligo unc 
Alopecia areata gute Heilerfolge zeigte, wurde ilusserlich bei Fallen \'on Urethritis 
Hautkarzinom und Keloid angewendet, allerdings ohne therapeutiseljen Zu.sammen 
hang mit der vorliegenrlen Hautkrankheit, da h'diglich der Effekt dtes(*s Mittels au 
nicht krankhaft veranderter ITaut des Riickens zu unteisuch(!n war. Uie UV-Ery 
themschwelle wurde daher an tier vorher mit Meladinine eingepinselten sowie gleich 
zeitig zur Kontrolle an einer unbehandclten Stelle der Ruekeeliaut Ix'stimmt. 

Die Untersuchung der UV-Erylhemschwelle ergab im einzehu*n folgende Mittel 
werte: Cortison bei 13 FalUni: Mittelwert E 11. Megaphen bei 15 Fallen: Mittelwer 
E 3. Rimifon bei 5 Fallen; Mittelwert E 3. Arsen bei 5 Fallen: Mittelwert E 3. Eigen 
blut bei 5 Fallen: Mittelwert E 9. Milch bei 5 Fallen: Mittelwert E 10. Mcladinim 
bei 23 Fallen ; Mittelwert E 2. 

Unsere Untersuchungsergi‘bnis.se zeigen, da.ss di(' aiigewendeten Mittel in zw<‘ 
Clruppen einzuteilen sind, die als gem<‘insames Merkmal die Beeinflu.ssung d'* 
UV-Eiy’themschwelle im Sinm* der Ober- odor Unterempfindlichkeil besitzen. Zi 
einer Cberempfindlichkeit der Haut, gemessen an dcr UV-F^rythemschwelle, fuhrt<‘‘ 
die innerliche Darreichung von Megai)hen und Kimifon sowie die Injektion voi 
Arsen. Innerliche (labcn von ('ortison und die Injektion von Eigenblut und Mile' 
bedington Unterem])findlichkeit. Die lokale xAnwendung von Meladinine ergab ein; 
Erhohung des UV-Erythemschwellenwe: •''s. 

Dieses Verhalten liisst sich bei Arsen mo einer sensibilisierenden Wirkung auf UV 
Strahlon erkliiren. Bei Megaphen und Rimifon hiingt der xAusfall der Haulreaktio. 
offenbar mit einer Kapillarwirksamkeit dleser Mittel zusammen, die fiber de: 
Gesamtorganismus zu einem veranderten UV-Erythemschwellenwert fiihrte. Di: 
nachgewiesenen giinstigen therapeutischen Ei folgt kfinnen mit die.sen Beobachtunge. 
in Einklang gebracht werden. Bei Meladinine ist das Untersuchungs«>rgebnis ebenfall: 
mit einer durch dieses Mittel bedingten Photo.sensibilitat zu erklaren. Die bei Cortiso 
herabgcsetzte Hautempfindlichkeit gegenfibev UV-Licht legt die Annahme eine 
erhohten Widerstandskraft der Hautreaktion beziehungsweisc einer vermindorte 
Entziindungsbereitschaft des Organismus nahe. Die bei Eigenblut und Milch be 
obachtete gleiche Wirkung auf di<' UV-Erythemschwelle kann im Sinne des Stressge 
schehens (unspezifische Umstimmungsmittel) gedeutet werden und stellt letztlic 
einen Cortisoneffekt dar. 

Zusammenfassend Iftsst sich festhalten, dass die UV-Erythemschwcllc als Haut 
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funktioiispnifung gcoignot cischeint, die Beeinflussiing der H;iiilcmpfindliclikeit 
gegeniib(T UV-Licht durch derma tothora pent isrlie Faktoren naclizuweisen. Es zeigte 
sich, dass die Wirkiingsweise der angewendoten Heilmittel durch die vorliegenden 
l'nti'rsuclunigs('rgebnisso bestiitigt werden kanii. 


I ’nivvrsitciis-Haittklinik, Lrlani*en ( 1 Deutschland) Robert WEKNSixiKFER 

I \'. WeciiRKPFKNNic;, Med. Welt, (i03«) iH^r. i86ij. 

•i F. KLLiNciFk, Styahleuihi rufyic. in (ig35) 153. 
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> (i. J.tuigenbecks Arch. Min. Chir., i(»i (1919) 40. 

•'i I.. Hojimkr CNI) II. Sfrahlrnlherapir. 91 (1953) 3t>i. 


Seasonal variations in light-sensitivity 

Th<‘ ri'aclioii of the skin after exposuri' to ultraviolc't i’tadiation can be measured 
partly by tin; (‘lythema arising from it and partly from skin pigmentation. Earlier 
investigation"-' bv Ellinger^ lia\'e shown that the reai'tion \’ari(‘s with tlu* seasons if 
measured iti terms of tln‘ minimal erythemal dos(‘. Hacliem“ has shown that the time 
at whic h erythema and pigmentation aj^[)ear depends on Ihi* wav(‘l('ngth of the ultra- 
\ iolet rays, l.ong V.W light produces erythema and ])igm<*ntation almost imim‘diately 
hut the degree* and fading-out period vary. In the* case of middle* and slun t U.V. light, 
time reactions an* fairly constant so that aft' r 4(S h one* can count on finding 50**0 
the eryth(*ma arising from short U.V. light and loo**,, fn>ni middle* U.V. light, h'or 
both wav(*length.'. pigmentation is stated to be (So 100*’,,. Edwards and Duntley** 
have*. how(*\'er, found smaller p(*rcentage.s. The n'cording of r(*a('tions aft(*r 4S h will 
thus ri*present both (*ryth(*ma and pigTm*nt. Hence it will be* (*xpedient to introduce* 
the term colour e/osi*, which should be distingui.sh(*d from ' ryth(*mal e/o.se. 

This pajM'i', which onh' deals with the vi.sible skin r(*a( I'ons, is part ot a study of 
reflectance .spectrophotometry of tiu* skin colour and reaction upon irradiation with 
U.V. light. The inv(*stigation was carried out from F('h**uary 1^57 b) Fe*bru«iry 

.M.VIEKIAI. 

Tile material compri.sed 120 womem and 52 men bctw(*c*n the ages of 20 and ()0, the 
majority between 25 and 30 >'(*ars old. They were all numbers of tlu* hos])ital staff 
and only persons in good health and with normal .skin w(*n‘ included. 

Each person was (*xamin(*d once a month. »So**„ were examined in all the months of 
the year, 93 over 11 months, and the remainder over to months, hor (;acli subject a 
case-sheet was kept covering the following Hems: indoor/outdoor work, occupational 
cx])osure to U.V. light and ultrasoft X-rays, colour of hair, eyes, and skin, number of 
freckles, pigmentation, time and place of summer holidays. sf>are time (indoor/ 
outdoor), and use of sunscreeners. 

. The material was divided into 3 groups: llic first group included 18 persons who 
are black-haired, dark-skinned, iris usually dark, without freckles, and having strong 
pigmentation. The second group included 13 persons characterized by sandy hair, 
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fnir skin, and usually light iris, a gn.'at number of freckles, and poor pigmentatio 
The third group comprised 141 persons who do not unambiguously belong in eithi 
the first or the second groups. 


METHODS 

Fig. I. Test area: ventral side of the left forearm which was divided into 12 test sec- 
tions, one for each month so that no section was irradiated more than once. 

Irradiation procedure; corresponding to the 12 sections, 4 square areas measuring 
10 mm bv 10 mm at intervals of 10 mm were primarily irradiated. These areas were 
stamped into a non-lu.strous black rubber plate fastened on the skin without its being 
anaemised. If necessary, a light dry shaving of the test area was performed before 
irradiation. 

U.V. generator: high-jjrcssure mi-rctiry arc (Ha nan) with relative spectral emission 
of 25% short U.V., 75'*.;, middle U.V. and 100% of long U.V. light. 

The U.V. outjnit was calibrated photometrically once a week. Irradiation times wen 
1, 2, 4, and 8 min so that the shortt:st irradiation tinn; was always pla-vcd distally. IJ 
no reaction was observ<*d a symmetrical ]H)int of the right forearm was iiradiated for 
16, 24, and 32 min. Reatlings were taken after 48 hours and the shortest irradiation 
time resulting in reaction is referred to as wnnimal colour t/osi' (m.c.d.). 



Fig. 1. Test an*a: Ventral side of tlie loft 
forarm divided into 12 test sections, one for 
each month. 



hatciiffg indicates females 

2. Abscissa. Typical minimal colon 
dose (ni.c.d.! found for the individual sub 
jeet in at least 6 of the 12 test months 
Ordinate . Number of persons in each group 


RESULTS 

The m.c.d. of the subjects is on the whole exactly the same in most months of the 
year, but it varies from person to person. For ih(? individual subject it has been pos 
siblc to state a typical m.c.d. ; by this it is meant that the dose stated was found i 
at least 6 of the 12 te.st months. For the female subjects, the typical m.c.d. appear 
in 8 out of 12 months, for the males only in 6 (Fig. 2). It varies from i to 24 min 
the commonest figures being 4 and 8 min, found in 91% of the females and in 71% c. 
the males. The latter show a greater disiiersion. The average m.c.d. for females is 6.0; 
and for males 6.05 min. 
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The m.c.d. of sandy-haired subjects does not seem to differ from that of the normal 
typt' but the relevant figures are not sufficient for a statistical evaluation. The group 
of blackhaired subjects has a higher m.c.d., thus 75‘’o normally have an m.c.d. of 
more tlian 8 min. 

The following factors produced no alteration in the m.c.d.; holiday periods, spare- 
time occupations, outdoor work, occupational light ex}x)sure, and use of .sun-scaeeners 

(t'ig- . . . 

Seasonal variations in m.c.d. for men and women a])pear from h'ig. 3. Of statistical 
significance are the spring maximum, the summer minimum, and in addition an 
August maximum for the women. In principle the curve is identical for both se.xes; 




I'i^. 3. Scasdiial variations in in c d. for all m('n l*'ifj. Male in j^rniTal: Sc'asonal variations in 

aiul women during a yt*ar. ordinatv m.c.d. m.c.d., groined in typical m c.d. Figures in 

in minut(‘S, to the right in percent. parenthi'sis nder to the miinlwr of persons. 




Fig. 5. J'emalc in general : Seasonal variations Idg. 6. Seasonal variations in m.c.d. in the 
in m.c.d., grouped in typical m.c.d. I'igures in of sandy persons. Red haired and fair 

parenthesis refer to the number of persons. skinned persons. 
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however, the men show greater variation over the year than the women. In the wome; 
we find variations ranging from 124% to 77%, in the men from 145% to 60%. 1 
further appears that women are lo'Ji U'ss light-sensitive than men. 

The variations observed over the year are identical in all groups irrespective 0: 
their typical m.c.d. This apjiears from Fig. 4. which shows seasonal variations withii 
individual groups having the same m.c.d. Fig. 5 represents the same division in th< 
case of the female subjects ; the characteristic August maximum is here observable ii 
all groups. To account for the cause of the August maximum demonstrated in female^ 
it was considered important to e.xamine the seasonal variations found in the 2 group^ 
representing the extremes of the material, viz. the sandy-haired subjects with pooi 
pigmentation and the black-haired subjects with strong pigmentation. 



Fig. 7. Seasonal variations in m c.d. ill the group of black-hairocl anil dark-skinned person.s 



1957 --—I-* 195a 

Fig. 8. Seasonal variations in m.c.d. The ultraviolet light intensity found over the city of Cojien 
hagon, n'cordod (or each week in arbitrary units. 

Fig. 6 shows the group of .sandy persons. Sefisonal m.c.d. variations are similar tc 
those in the general group, which means that the women keep up their August maxi- 
mum. The decrease observable simnltaneou.sly in the men is not significant, so they 
may be said to follow the variations of the general group. 

Fig. 7 represents the group of black-haired persons. To a great extent the curve ij 
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similar as regards both malt's and femalt's and on the whole it corresponds with the 
cur\'e {or fimiales. This can onlj* mean that it is the increased pignu'iit content of the 
skin which causes the female August maximum and that the high m.c.d. results from 
the scret'iiing effect of the jngment. 

It should be ('inphasized that in a sense the material is selected, the Iiospital nurses 
wearing short-slt'eved uniforms and the men wearing jackt'ts; besides, the num's 
hairier skin may impede the effect of sunlight. 

iMg. S again gives the seasonal variations in terms of m.c.d., but this time considered 
in n'lation to tlu' ultraviolet light intensity found over (*o])enIiagen. These n'sults 
were kindly jdaced at our disposal by Dr. Ebbesen. 'riu* light intensity was recorded 
[or t'ach wi*ek in arbitrary units. '1‘his curve does not differ i‘ss('ntially from light in- 
tensities measured in other years and must be c-onsidered representative as regards 
the norm. It max' be added that it is usually possible to stay outdoors lightly clad 
from April/May to Septimiber/October, more ])recisely piThaps from May to Sep- 
ti'inher. 

It will be nott'd that .simultaneously with the h<‘avv incri'a.se in light intensity 
(lining May there sets in a decrease in m.c.d. which rt*niains on the .same h'vel in spite 
oi greater light intensity during June and July. If the d(‘creas(' in light intensity 
during August wen' of any importanc e it would manifest itself in both sexes. Hewewer, 
an increa.sv^* in the women, a la<'t a.sc ribable to the sun-scrc'c'iiing effc'ct of 

their pigmemt. 

'I'owards the c.Iclsc' of the* year we again obsc'rve the sanu' values for men ancl women 
'vith a minimum during February corn'Sjionding to tiu' decrease in skin j)igmentation. 
'Hiis agrees with the n'siilts stated by liclwards and I.)untl(‘y•^ who hax'c' dc'inonstratc'd 
that after onc' month the amount of nc'wly lormed melanin begins to dc'clinc', and 
aftcT c) to TO months the melanin content of the skin is almost back to normal. Tlu* 
maximum dcunonstrated (or April is therefore mainly causc'd by the* i‘rvth(‘mal c'om- 
ponent of the m.c.d. 

Thr h'insi n Institute E. A. Knuoskn 

l)cl>artment of Dcrmutohny, J. V. Christiansen 

('openha^cn (Dmmark) H. Hroothaoen 

^ E. Ellj.V(;f.r, Medical Radiation Hiolof^y, Charles!'. riioina.s, S|>ringfiel(l, III., 1057. 

.V. liACHiiM, Am. J. Rhys. Med., 35 (01.50) i?/- 
'•' ll. A. Kdw.\rds AMU S. g. Duntlky, Am. j. Anat., O5 (1930) 1. 



526 


Introductory remarks for the three papers on the effects of therma 

radiation on skin 

Mr. Chairman - Ladies and Gentlemen: 

The three papers I am privileged to deliver deal with effects of intense radiation o 
skin for relatively short periods. The effects dealt with are those; caused only by th 
rai.sing of the temperatures of skin because of absorption of energy and its conversio 
to heat. The effects arc the familiar burns, blisters, etc., and resemble those caused b 
contact with hot object.^ or liquids and flame. The subject matter should be of inten*; 
to all research workers on skin, not only those of us concerned witli burns, first - 
because absorption of energy by skin raises its ti;mperature, changing the condition ( 
the experiment, and second — the degradation or burning of tissue; by the elevate 
temperatures may be an unwanted occurrence confusing the results ol .vii experimen 
My first paper will deal with the phy.sical properties of skin which are important i 
knowing what temperatures to e.xpect • • my second pa])t;r deals with teinperatui 
histories which are associatc'd with burns, and the third paper on the efh'cts of reactic 
of skin as part of the body system as they niight affect and modify the flow of he: 
and local temperatur(;s. 

Naval Material Laboratory, Willaru L. Derksu 

New York Naval Shi (>yard, Brooklyn, N.Y. (V.S.A.) 


The physical properties of skin involved in thermal radiation bun 

The temperature history' of the skin during and immediatelj/^ following exposure i 
intense thermal radiation is an important factor in determining the nature of bun 
caused by the absorption of radiant energ;^' by skin. While then; are differences in tl 
properties of skin among individual persons and among the areas ol one individual 
skin, it is desirable to have a set of constants with a probable range of values. Tl 
constants are to be employed in the .study of radiant energy heating to examii 
the dependence of temperature on various factors and to serve as a reference; f 
specific problems. 

The mathematical model which represents skin is that of a diathermanous solid 
which the absorption and scattering ol thermal radiation vary with wave length ai 
depth, and the other thermal properties also vary with depth. However, the analj 
ical solution for heat flow in such a model is complex and it is difficult to devise e 
periments for measuring the constants precisely. As a first approximation we cj 
employ a greatly simplified model which assumes the skin to be homogeneous, ai 
in which the energy is absorbed exponentirdly with depth and for which the prop* 
ties are constant. The analytical expressions for the temperature histories in dep 
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and on the .surface for this simple diathcrmanoiis model are j^iven in Fig. i. The equa- 
tions are for a monochromatic source; for a hetenxdiromatic source it would be 
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infinite solid. 


V to sum the temperature rises caused by tlu‘ various wave length n^gions for 
which tlie skin liad significantly different properties. 

The absorptance of skin is a lunction of wavelength the impinging radiation. 
In geiu'iid, in the ultraviolet region and in thii infrared h r wavelengths longer than 
1.5 microns, the energy is virtually all absorbed at the surface, while in the vi.sible 
and near infrared n*gions .stjlective penetration and scattering takes place and .signif- 
icant amounts of energy are scattered back through the .surface and do not contribute 
to Inciting of the skin. The total amount of energy absorbed by the .skin for a hedero- 
chromatic source may be calculated, if the spectral absorptance is known, by sum- 
ming the energy absorbed over the spectral range of the source. 

The opaque-solid modtd also shown in Fig. i is simjder to deal with and allows us to 
examine the thermal properties of skin without the ('oinplexities which must be 
considered when the radiant energy also enters the skin. Opaejueness can be achieved 
readily by painting the skin and v'arious t hniques are available for measuring sur- 
face temperatures. The principal parameter determining tlie .surface temperature of 
an opaque solid is the kgc product. 

The principle physical properties which are important in analytical studies of heat 
flow in skin arc given in the table with a suggested reference value and the probable 
range of these values. 

The reference kQC product is based on that determined at this laboratory by mens- 
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I'ABLE 1 

TAliLK OF SKIN PROPERTIES 


product (cgs units x lo **) 
kfQc (cgb units xio -i) 

Absorptancci for 3000'' K blaokbody s])ectruiTi 
for carbon -arc spi'ctnini 
for solar spi.‘ctrum 
Extinction coefficient (cin-‘) 


Icfarcnce 

Minimum 

Maximum 

8.6 

4 

n 


6.1 

26 

(3.72 

0.65 

0.70 

0.72 

0.66 

«-77 

o.h3 

0.^7 

0.85 

30 

10 

00 


uring temperatures on the skin of the inner forearm. 'Fhe opaque solid model was 
employed with temperature rises obtaiiu^d in exposures of one second. This value would 
be appropriate for exposure situations in which n^actions to elevated temperatures 
would not be involved and in whiidi surface temperatures would not be unduly 
affected by the thermal properties at greater depths in the skin, 'fhe^ maximum value 
was found for the skin of the back of the liand while the minimum walue would rep- 
resent surface tcunperatures in the palm of a work-worn hand. 

The values of the thermal diffusivity of skin were computed employing th(‘ koc 
product and a volumetric specific heat of o.cSr cal/ce. 

The reference absorptance was calculated for the various spectra emidoving the* 
average of the diffuse spectral absorptance as measured in our laboratory on four 
Caucasian and two miHliuni Negro subjects. 'Plu^ maximum absorptaiiv es are those for 
a dark Negro as calculated from an absorption spectrum measureil bv Dr. H. Kuppen- 
heiin and the minimum values are those caliuilated similarly for a light Caucasian 
subject. 

The reference* extinction coeffioieMit sugg(‘sted is that value which would n'sult in 
the measured surfaci* temperature of a lightly tamu'd Caucasian skit* after one second 
exposure to the radiation spectrum of the high-intensity carbon ar*,. The* maximum 
value, that for an opaque solid, will obtain for ultraviolet radiation and also infrared 
energy for w'ave lengths longer than i .5 microns. The min I mum value is that measured 
for excised .skin by Dr. J. D. Hardy for radiation having a wavelength of 1.23 microns. 

In using thi*se constants it must be n^membered that iai rors such as blood flow 
and the systemic n'ai tion of skin to Ievatc*d i(‘mpenitmvs change the heat flow in 
skin so that corrections must be made exjU’essioU' *or te.aj>erature which are based 
on an inert-homogt*n(‘ous-solid niod(*l. 


Naval Material Laboratory, 
Neiu York Naval Shipyard, 
Brooklyn, Ny.(US.A.) 


Willard L. Derksen 
Thomas I. Monahan 
loShP^ M. MetiREEVY 
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The temperatures associated with thermal radiation skin burns 

Knowledge of the temperature histories which will cause burns in blackened human 
skin is important as a special case of the general problem of temperatures and heat 
flow in the study of burns caused by intense thennal radiation. 

Heat flow is much simpler in blackened skin bt'cause of the absence of penetrating 
radiation; the exposure conditions are more reproducible, and the situation is more 
amenable to mathematical representation. 

The temperature histories of the surface of skin associated with thresliold bums can 
be employed to obtain a first approximation of temperatures in d('pth which cau.se the 
tissue degradation in burned skin. Tin- surface-temjH-rature histori(*s of blacktmed 
skin, while for a relatively simple situation, can be tised b\ comparati\'e methods to 
e.-limate the burn siwerity to be expected in other more complex situations, for which 
tlu' tc'inpcratnrcs are obtained by experiment or calculations. 

While it is feasible to produce burns on human skin it is mon- practical to use ani- 
mals to develop the experimental techni«iues for studying the general jihenomenology 
of burns..!^;,'. this study threshold burns were produced on bUukmieil, anestlu*ti/.ed 
rats with exiwsures to radiant enc'rgy ranging in »luration from 0.5 to too sec. The 
i'nergi<‘S per unit area to cause such burns are given in 'I'able I , as are the' tenijM-ratun*- 
rise maxima measured during the series of burning episodes. 

TAMI.K I 

THK KADIANT JvXl )SlJRl!;S RICQUIRKD TO PRODIJCIC A TURKSflOLI) liURN TO HI.ACKKNKO IIUMAN SKIN 

ISascti on liuriis to hlackford rats for fxposiin\s of 0.5 to 100 s('c 



Radiant i xpusurc 


Maximum tvmpcrature 

Maximum temperature 


. 


ri\i per unit radiant exposure 

Fxposurr 

timi' 

Rats 

(I’Xpi'rimntal) 

Human \km 
{laUulatcd) (ai 

Rat 

Human 

rise Jor n threshold burn 

h: 

St'C 


tollim- 

"( iiali'em^ 

• 'nalicm* 


‘>■5 

0.8 

1 .0 

70 


3^* 

I.O 

l.J 

1.4 

46 

3« 

33 

2 

*■5 

*•7 


2 (i 

H 

3 

'•7 

1-7 

»7 

»7 


10 

2.2 

2 2 

1 2 

1 2 

2 h 

20 

2.S 

•2.5 

S.o 

9 

22 

5« 

3-7 

3» 

5 > 

0 


100 

4.4 

3« 

3-4 

50 

*5 


(«) Calculated on tlu: basis of acliii-viiiK tin- same ina.\imiim temperatun:. 


To translate these data into the equivalent radiant exposures which would cause 
threshold burns to human skin in identical situations is not straightforward. Rat 
skin, physically and biologically, is significantly different from human skin. While 
differences in optical properties have been eliminated by the opatpie blackening on 
the skin it can be demonstrated that, for e(iual input, differences in thermal properties 
result in significantly diffi'rent surfact: temperatures. The maximum temperature 
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rises for unit exposure for human skin, also given in the table, were obtained ii)r 
small thermal inputs and indicate the differences between the two skins. 

The initial surface temperature of the rat skin just before exposure was 31 i i" 
and, since that of human skin is often the same, no correction based on initial surfact 
temperature is here attempted. It was a.ssumcd that a threshold burn would be prQcl- 
uced on human skin if its temperature were raised to the same maximum tempera- 
ture as that which produced a threshold burn in rat skin in the same time. The radiant 
exposures which would cause burns to human skin on the basis of this assumption are 
presented in Table I. 



Fig. 1. The temperature history o£ the surface of the blackened skin of the inner forearm for 

temperatures below the ])ain threshold. 



Fig. 2. Temperature history of the surface of blacke^ned skin associated with threshold burns. 

The measured temperature histories of the surface of blackened human skin are 
given in Fig. i. The histories are the average of a series of measurements for tempera- 
ture rises less than pain on the inner forearms of 6 males, representing areas of the 
body which are normally covered. 
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The temperature histories corresponding to thrt^shold burns are obtained by using 
tlie appropriate energy input.s and are showm in Fig. 2. The maximum temperature 
rises causing burns range from 56'’ for a 0.5 sec exposure to 15'’ for a 100 sec exposure. 
Assuming an initial surface temperature of ji", the corresponding maximum tempera- 
tures would range from 87'’ to 46". The temperature liistories depict the .shorter 
durations of the higher temperatures and indicate the operation of rate processes for 
tissue degradation. 

'I'lic temperature histories given are those for the surface of skin ; temperature his- 
tories in depth may be derived from the surface temperatures by the application of 
heat flow theory, but are subject to variation tlue to blooil flow and inhomogeneity in 
skin properties with depth. 

The temperature histories given arc subject to probable errors as great as 10% in 
thi' blackeiH'd .skin temperatun' inea.surement.s and also in il(‘t(.‘rmining thci radiant 
exposure to cause the threshold burn. 

The data pri'sentcd represent a relatively imiwirtant situation. The necessity for 
i.arefully measuring the temperatures of the skin when studying burns is indicated by 
th<‘ range of temperature histories and the effect that skin condition and its initial 
temperatun' would have on tlu; resulting l(i.sion. 

Ndvul f.ahoralory , VV. L. Derksen 

.VcK-' York Naval Shipyard, I'n. I. Monahan 

llrooklyn, N.Y. ( U.S.A .) J . M. McGrkevy 


Systemic reaction of skin to prolonged local heating 

Studj' of burns to skin causcxl by intense thermal radiation requires knowledge of the 
temperature histories of the skin during and inimedi it' Iy after exposure to intense 
thermal radiation. In order to predict the hanperatures ''Sociated with long-duration 
exposures on the basis of theoretical considerations, it may bi; neces.sary to make 
allowance for the effect of blood flow, spatial variation in the thermal properties of 
skin, changes in evaporation rates, and other unknown factors. 

The study reported herein includes irradiation periods up to 50 sec and temperature 
measurements of blackened skin for as long as 100 sec afte.r insult. 

For several years the Naval Material Laboratory has b'^en investigating the phenom- 
enology of burns caused by intense thermal radiation and methods of protecting 
personnel against such burns. As part of this sturly an inert skin simulant with im- 
bedded thermocouple was developed. White rat skin has also been employed as a 
.substitute for human skin. The temper; mres 01 human skin in sub-critical situations 
have been of direct value in correlating rat and .simulant data with the corresponding 
human situation. 

The mathematical model representing heat flow in skin is that of a diathermanous 
solid wherein the absorption and scattering in depth of thermal radiation is wave- 
length dependent, the properties vary with depth and heat sources and sinks may be 
affected by changes in the temperature of the medium. 1 his report neglects the optical 
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properties and concerns itself only with thermal properties and their variation. 

The thermal properties of skin have been investigated by many laboratoric . 
apparent variations of these properties with time during exposure to radiant energ^ 
have been reported. The conduction parameter of human skin, the kqc product, ha, 
been found to increase as the exposure time is increased. The apparent change 'in 
kqc with time of exposure may arise from an increase in conductivity with depth or 
the action of other heat transport mechani-sms. The fact that skin is part of a living 
organism with blood flowing near the surface makes it capable; of changing the heat 
flow pattern by reacting to elevated temperatures during the episode in question. 

As a first approximation the effects of reradiation losses, inhomogeneities in skin, 
and blood flow may be neglected for times less than one second and hge may bo 
obtained directly from measured temperature rises. The effect of reactions within 
the system will be minimal and, if the area of exposure is sufficiently large, the effect 
of tangential blood flow will also be small. The temperatures of skin, in the first 
instants of an exposure, will be tho.s<; for an inert homogeneous solid with the propei- 
ties of the skin near the .surface. As the exposure continues, the kgc will apparently 
increase as the blood trans])orts energy, and will be further modified if the deeper 
tissues have properties different from those near the .surface. 

Experimental temperature histories w<!re obtained by exposing the inner surface of 
the subject’s blackened forearm to the radiant output of looo W tung.sten filament 
lamp as shown in Fig. t. To obtain temperatures not inlliienced by blood flow, 
exposures wen; made with a pressure cuff at i8o mm of mercury on the upper arm ; 
for temperatures affected by flow, the blood flow was occluded for from 2 to 3 min 
and exposures were initiated just after release of the pressure cuff. The period of high 
blood flow normally continiujs for about 20 sec unle.s.-, '■iistained by I'levated temjwra 
tures. Series of exposures on six individuals were made o\ er a period of several hour’. 
Sets of such exposures were made over a period of 10 w»;i>ks, usually with .several • lays 
between each series. 'The volunfeer subjects w'ere males drawn from the Laboratory’s 
staff, ranging in age from 30 to 45 years. 

Fig. 2 prestmts the average of the tempt*ratures measured, normalized to that for 
unity irradiance. As evident from the appearance of relaxation temperatures in the 


Woterce'i 



Fig. I. Experimental apparatus employed in measuring skin temperature. 
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figure, ex|)osures were variously terminated at i, 2, 5, 10, 20, and 50 sec. The tempera- 
tures for ma.\imum blood flow were found to be nearly identical to those with normal 
or unaltered blood flow shown in the previous paper. The temperatures for occluded 
blood flow were about 15'*',, higher than those for full flow indeiiendent of time or 



1 . historu^s tor l)lack(‘iic‘(l luiiiiiin skin for inaxiiiuini lil<»o(l ilovv aiul blood 

flow occludril. 


i'xposiiR* duration, riicrt' was, liowcver, a trnd(‘iu‘v for larger variations from th(f 
norm after the e.essation of the loiif^er exposures. riu‘ temperatures witli blood flow 
of'chided were higher for some individuals for tlu* longer exposuns than would be 
expected on th** a.ssiim])tion of a homogeneous solid. A Iovvct conductivity for the 
deeper tissues is indicated. The magnitude of this effect is not as great as the differ- 
ence.s found for the temperature histories among the six individuals. 

In geiuTal on(' can say, from this limited experiment, that for skin temperatun^s 
generated by intense thermal radiation, measurable difli fences are ( aused by blood 
flow and therefore reac tions of the body systi'm, by changing thc‘ flow, would cause 
variations which could b(* significant. 


VViiJ-AKi) I.. Dkkkskn 
( iiiOKfiK Mixthk Jk. 
Guy I)K Lhkky 
Thom.vs I. Monahan 


Naval Material Laboratory, 
Neio York Naval Shipyard, 
Brooklyn, Y,(USA,) 
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Zur Wirksamkeitdes inder Hautdurch ultraviolette Strahlen erzeugten 

Vitamins D* 

Bei einem Kollektiv Icbender Albinorattcn im Alter von 21-24 Tagen wurdcn unter 
Abdeckung des ubrigen Kdrpcrs^-^ die Schwilnze 30 Min. lang mit dem Gesamtspc^k- 
trum dues Hg-Hochdruckbrenners vom Typ S 300 im Abstand von 50 cm einseitig 
dorsal bestrahlt. 22 Tiere wurdcn sofort nacb UV-Exposition getbtet, die Schwiinzc 
abgetrennt, erschbpfend extrahiert und nach Bostimmung des Vitamin-D-Gehaltes 
dicscr Extrakte ermittelt, wicviel Vitamin D pro Kattcnse.hwanz und damit pro Ratlc 
durch die UV-Bestrahlung crzcugt worden war. Wir fanden 0.41 /<g Vitamin D pro 
Rattenschwanz. Die gleiche Anzahl Tiere blicb am Leben. Sic dii'titen zu einem Ver- 
gleich dcr antiradiitisclien Wirksamkeit dor Bestralilung mit der Wirkung peroral 
bezw. intramuskular verabreichten Vitamins D. Insgesamt wurdeo dazu 4 Gruppeu 
zu je 22 Jungratten gebildct. Die Tiere der einzclnen Gruppen crhiolten einmalig 
(a) Icdiglich o.i ml indifferentes Pflanzentil p.o., 

(h) 0.4 jtig Vitamin D,-j in o.i ml indifferentera Pflanzcnol p.o., 

(c) 0.4 /Ag Vitamin D3 in 0.1 ml indifferentem Pflanzcnol i.m. 

{d) 30 Minuten Schwanzbestrahlung 

und vom BeliJindlungstage an cine rachitogene Diiit (McCollum Nr. 3143). Eswurdc 
nun die Entwicklung der Rachitis unter den einzclnen Behandlungsartcn verfolgt. 
Dazu wurdcn allc 3^ Tage Rdntgcnaufnahmcn der Tibiacpidiaphysenlinie des rechten 
Hinterbeines der Ratten angefertigt und mittcls ihier wurde d<‘r (irad dcr Rachitis 
anhand einer Vergleichsskala^ festgelegt. Das Ergebnis zeigt die A^bbildung. 



Abb. I. Rachitisentwicklung in den Gruppen a-d. Ordinate: Durchschnittlicher Rachitisschutz- 
gtad pro Gruppe, Abszissc: Zeit in VVochen. Rachitisschutzgrad O cntspricht cincr starken 

Rachitis. 


♦ Hernn I’rof. Pr. P. Weis in Ehrerbietimg zum 70. Geburtstag- 
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Wir mochten der Abbildung folgendes Ergebnis entnehmen ; 

1. Die bestrahltcn Tiere sind in mindestens gleichem Masse gegen Rachitis ge- 
schiitzt wie durcli intramuskuUire Applikation. Wenn man voraussctzen darf, dass 
das intramuskuljir verabreichte Vitamin D in quantitativ gleiclier Weise vom Orga- 
.lisrniis verwertet wird wio diirch Bestrahlung einverloibtes, darf man schliessen, 
dass das durch Bestrahlung in der Haiit gebildete Vitamin D (juantitativ oder an- 
nilliernd quantitativ in den Kdrper iibergeht. Vitamin D-Verlust durch sich ab- 
sidiilfernde Hornschichten kann in nur unwost^ntlichem Masse vorliegon. 

Die Vitamin D-Bildung findet also vornchnilicli oder ausschliesslieh in Haut- 
schichten statt, die am Stoffweclisel teilnehinen. 

2. Di(* genauere Betrachtung des V<Tlaufs der Wirkungskurv'en zeigt, dass d(!r 
durchsclinittliche Rachitissehutz bei den bestrahlten Tieren wi(i nach oraler Applika- 
tion schnell iilxT di(‘ fiir dieses Alter gelti'iide Norm ansteigt, dann aber wcsciitlich 
langer anlialt. Beziiglich d(T Wirkungsdaiier seheint die Bestrahlung der intramusku- 
laren Applikation zu gleichen. Insgesamt \v<Mst also die Wirkung d('s Vitamins D der 
Ilaiit auf Grund seines sdiiK'llen aber gleichziatig anhaltendi'ii Kffektes in therapeu- 
tisch giinstiger Wcusc die Vorziige der oraU'n und intramuskularen Applikation auf. 

Aus dem protrahiert(‘n W^irkungsvi^rlauf ist zu sclila ssen, dass das durch ultra- 
violette Strahlen in der Haut gebildeti' Vitamin D nach Art eines Depots wirkt. Der 
schnelle v..arigs(untritt diirftedarin Ix'grundet liegen, dass es dem Organismus auf 
bn‘iter Flilehe angeboten wird. 

Dor im Vergleieh zur iiitrainuskuhiren Ap{)likation grdssen? antirachitischc Ge- 
samtefh'kt der Bestrahlung kdnnte dadurch bedingt st‘in, dass in d(?r Haut im vor- 
liegendcn Fall niehr als 0.41 /ig Vitarhin D i)ro Tier gebildet w urdtju. oder dadurch, 
dass das Vitamin D in der Haut in fur den Oiganismus sohr okonomisch verwertbarer 
Form vorliegt. Mit anderen Bestrahlungszeiten (45-60 Min.) und D-Dosen (o.50“O.r)o 
//g) wurdeii entsprechende Ergebnisse (Thalten. 

/ ^harmakologisches Inst Hut, 1 1 . B E K E M E i E n 

Martin Luthcr-U nivcrsitdt, Uallc-\Vitlcnhiri^( Deuischlatun 

I 0 . Pfenniosdokf und W. J’onsold, jst Intern. Pholobinl. Con^r., Amstcrdain, i95‘4' 

p. 232. 

H. Hkkemfikk, G. I’FiiNNiGSDORF UND \V. I’oNSOi-D, Atti 2 Confer. Intern, hotobiol., 1 urin, 
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Strahlenempfindlichkeit und Mechanismus der Enzymsynthese in 

Bakterien 

Die vorIi(‘gende Arbeit befasst sicli mit der Einwirkung von Rdntgeiistrahlen und 
lilt niviokd tern Licht auf die Indiiktion des Enzymproti^ins der Lysin -Dekarboxylase 
in Bacterium cadaverts. Die Bedingungen fiir die Induktion warden von Gale und 
Epps* und von Mandelstam- untersueht. Da der zulelzt erwiilinte Autor gczeigt hat, 
(lass die Enzymaktivitiit der Monge d(‘s Enzymprotcuns proportional ist, kann die 
Enzymsynthese in den lebaiden Zollen manometrisch durch die Dekarboxylierung 
yon L-Lysin verfolgt vvcrdiin. Nacdi Zusatz von Lysin zu den ohne Lysin kultivierten 
Zellen stidgt naeh einer kurzem Lateiizz(‘it die Enzymaktivitat linear rnit der Zeit an. 
Die Anstiegsgescliwindigkidt -- Indnktionsrate schwankt von Versuedi zu Versuoh 
urn nicht mehr als io’)(,. Wahrend der Induktion ist die Zal)! der lebenden Bakterien 
konstant. Das Erischgewiclit dor Bakt(.Ti(Mi nimnit wal ’vnd dicser IVriode um nicht 
ini'hr als einige Prozent zu. 



Abb. I. Knzyinaktivitat in Abhangigkeit von dor Zvit wahrrnd <les Indiiktioiisvorgangrs. Dio 
JCnzymaktivitat wurdo bei 30’ manc^motrisch brsiininit. Das 15 nil fassoiido Roaktionsgrfass 
enlhielt 200 ^Moi DL-Lysin, 30 mg Ghikose, 1.5 ing D1FC( )-J I<d(‘-Kxtrakt und otwa 1 ing I- 5 ak- 
tericn (Trockongcwiclil) in 3 ml Mjio Phtlialat- Puffer pa 5.6. 5 Vol. f i- 95 % ^8 

Atmosphiirc. Die Aktivitat gcog 'st die von 1 mg Haklericn ( rrockeiigowicJit) pro Sturide aiis 

Ly.sin entwickcltc Mongo COj in mm=*. 


Durch Rcintgcnbcstrahlung wird die Induktionsrate verringert. Die Enzymaktivitat 
und damit die Menge des Enzymproteins nimmt eben falls linear mit der Inkubations- 
zeit zu. Die Dosiseffekt-Kurve lasst sich durch eine Exponcmtialfunktion mit einer 
Inaktivierungsdosis von 50 Kr annaherr Da die Inaktivicrungsdosis fiir das bereits 
vorgebildete Enzyrn 2 Grdssenordnungen hfiher liegt, kann es sich hier nicht um eine 
Rdntgenstrahlencinwirkung auf das Enzymmolekiil selbst handeln, sondern um die 
Einwirkung auf den Ncubildungsmechanismus. Auf Grand der Lea*schen Theoric^ 
und unter Berucksichtigung der sicher vorhandenen “indirekten Strahlenwirkung'^-e 
ergibt sich ein stralilenempfindliches VoUimen, das einem Molekulargcwicht von 
lo-ioo Millioncn entspricht. Es liegt nahe, dieses straJilenempfindliche Volumcn mit 
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dem Volumen der synthetisiercnden Einhcit zu identifizicrcn und von dem “Molekn 
largewicht” dcs ‘‘Synthesczentnims” zu sprechcn. 



Abb. 2. Bccinflussuiig der Induktionsrate (lurch 
Konigenstrahlen. o.i ml cin(*r gt'waschcnen 
Bakteriensuspension mit 50 mgTrockengewichl 
pro ml A//100 Bh()sphatpuff(T pH b.S l 0.5% 
NaCl warden mit einer Beryllium fcnster-Rdhrc' 
bci i(”)0 kV, 23 mA und 0.5 min Al-I‘'ilter 
best rah It. 



Abb. 3. Uosiseffekt-Kiirve fiir die Induktions 
rate nach I* V-Bestrahhing mit Licht der 
\VVll(;nlang(! 2>n mfji. 



Abb. 4. J-ysiii-Dekarboxylase. NVirkungsspi'ktrum fiir die Jiidukliimsrate. Die Punktc* st(*llen die 
mit den Wellenlilngen 254 in/i, 263 m^, 280 ni^, 289 m/i und 297 ni/i gi^wonnenen \-\Verte dividi(*rt 

durch di(^ Wellenliinge A dar. 

Diese Hypothesc wird durc:h Vorsuchsergebnisse mit Inhibitoren, wic Natriiiinazid 
und Dinitroplienol, unterstiitzt. 

Durch Bestrahlung mit ultraviolcttein Licht lasst sicli die Induktiori hemmen. Die 
Bestrahluiig hand mit einem leistungsstarken Monochromator'^ statt. Die auf dic! 
Hakteriensuspension auffallcnde Encrgie wurde mit einem Bolometer absoliit ge- 
messen. 4.7 ml einer Suspension mit i mg Bakterienfeuchtgewicht/ml in Fhosphat- 
puffer wurden in Plexiglasschalc.hcn mit ii cm'^ Oberflache bestrahlt. 

Die Dosiseffekt-Kurven sind, wie Abb. 3 /eigt, nicht exponentiell, sondern zeigen 
das Verhalten der Mehrtrefferfunktionen. Ein Mass fiir die Strahlenempfindlichkeit 
wurde mit Hilfe der Formel 

R }- I 

" ' c «<>+ It 

die auf (irund treffertlieorctisciier und rcaktionskinetischer Oberlcgungen" abgeleitet 
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w'urde, gewonnen. In dieser Formel bedruten f die relative Induktionsrate, D die 
eingestrahlte Energie in Wattsec, x dcr Koi'ffizient, der die Strahlenempfindlichkeit 
angibt iind /i eine Konstantc. Die ausgezogene Kurve in Abb. 3 stellt die obige Funk- 
tion init « =^^i7.f) [Wsec; 1 iind 7 ? — 4.1 dar. 

Die Wellenlangenabliangigkeit der Strahleneinpfindliclikeit ist in Abb. 4 eingetra- 
gi*n. Deis W'irkungsspektium bat ein Maximum bei etwa 2()0 m/*. Der Vergleicli mit 
dem Absorptionsspektrum tier Nukleinsaure legt den Sehluss nahe, das.s es .sich bcim 
Wirkungsspektrum um ein Nukleinsaurespektrum liarulelt. Ein gleiehe.s Wirkungs- 
sjx’ktrum wimlo bereits von Swenson*' fiir das (lalaktozymase-System in Hefezellen 
gefunden. 

Max Planck InstUul fiir Iiiof)hysik, Ht)Ris Kajkwsky 

Frankfurt am Main (Deutschland) Horst liOcKER 

Hei.mct Fauty 
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Ultraviolet inactivation of ribonucleic acid 

A('ti()ii spectra havi* shown that reproductive death in a wide variety of <'ells is a 
conse(iucnce of the al)sorption of U.V. light by nucl(*ic acid. In th(^ grasshoppcT 
iieiiroblast, rnicrobeain exp(?rinients have -Ijown that il.e nucleic acid involved is the 
nucleolar ribonucleic acid (RNA)^. l^’ss direct (evidence Indicates that nucleolar RNA 
is also the site of U.V. action in Scurospora-. MoreoviT, the surprisingly small vari- 
ation in U.V. dose as compared with th(‘ corresponding X-ray dose re(juired to inacti- 
vate cells of very different sizes is consistent with the hypothesis that unlike X-rays, 
which act on chromosomes•^ U.V. acts on nucleolar, or at least nuclear, RNA. hor 
these reasons it would seem that the RN A-containing viruses and the infectious RNA 
obtained from them provide good models for investigating tlu^ action of U.V. on 
living cells. 

The nucleic acids derived from poliovirus and tobac^ o mosaic virus Jire vctv similar in 
molecular weight and base composition; but they are very different biologict'illy. 
(It has not been possible, for example, dr T)ite considerable efiort, to demonstrate any 
effect of TMV RNA on mammalian cells that are readily iiifect(‘d by PV RNA.) This 
biological difference is reflected in at least one large physical difference -- PV RNA 
is inactivated by heat at 70° almost ten times faster than I MV RNA"*. Apparently, 
however, the radiation sensitivity is determined predominantly by the molecular 
weight and gross structure so that the s<msitivity to both U.V^•'* and X-rays^ is cjuite 
similar for the two molecules. 
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The quantum efficiency for the U.V. inactivation of the two nucleic acids is abo i t 
10-3 (ref.®). This is about an order of magnitude smaller than the quantum efficient •, 
for the photolysis of the pyrimidines within RNA as observed by changes in the absor] j 
tion spectrum". It seems, therefore, that the addition of water across the 5,6 doubl,. 
bond of the p\Timidines — the reaction involved in photolysis — does not in general 
lead to the destruction of the biological activity of the RNA. This conclusion receivfs 
some further support from the failure to demonstrate any recovery of activity upon 
heating U.V. -irradiated RNA for periods during which some reversal of photolysis 
was expected'*. 

Finally, it is noteworthy that the presence of the protein in the intact virus can 
change the U.V. sensitivity of the RNA. This effect is most marked in the case of tln' 
common strain of TMV which is about an order of magnitude less sensitive to U.V. 
than its RNA’-®. This increased resistance of the RNA coupled with the twenty to 
one ratio by weight of protein to RNA leads to an action sjiectrum very different from 
the absorption spectrum of RNA*®. Despite this dramatic example of protein — RN.\ 
interaction, it seems quite reasonable to as.sumc a (piantum effici(:.icy of about 10 " 
for the inactivation of RNA within cells. If this is the case, then the relatively small 
spread in U.V. doses required to inactivate a wide variety of c('lls, e\'et5 when account 
is taken of tlu* differences in the amount of nuclear shielding provid id by the cyto- 
plasm, presumably reflects a correspondingly small variation in the total quantity of 
essential nuclear RNA. 

Department of Radiology, University of Amos Nokma.n 

California, Los Angeles, Calif. (l.\S.A.) 

i M. E. Gaulden and R. P. Perry, Proc. Nail. Acad. Sci. V.S., 44 {i958f'553. 

• A. Norman, ExpU. Celt Research, 2 (1951) 454. 

» H. H. Lee and T. T. I’uck, Radii/lion Research, 12 (1960) 340. 

• A. Norman, Itivpublislied. 

.\. Norman, Vitohgv, 10 (i960) 384. 

• D. Shugar and K. L. Wierzchowski, J. Polyme.r Sci., 31 (1958) 269. 

’ A. Siegel, S. G. Wildman and W. Ginoza. Nature, 178 (1956) 1117. 

• A. 1). Mc.T.aren and W. N. 'I'akahashi, Radiation Research, 6 (1958) 725. 

• F. C. Uawden and a. Kleczkowski, Nature, 183 (1959) 503. 

** A. Siegel and A. Norman, Virology, 6 (1958) 725. 


Ultraviclet light sensitivity and other biological and physico-chemical 
properties of halogenated DN A 

Since the methyl group of thymine apparently does not participate in any intra- or 
inter-strand bonding in the deoxyribonucleic acid (DNA) molecule, it can be replaced 
by halogens having similar van der Waals radii* (Cl 1.80, Br 1.95, CII 3 2.0, 1 2.15 A) 
or partial specific volumes* (CHa 46.4, Cl 47.9, Br 69.3, I 83.4 cm®). Thus bacterio- 
phages®, bacteria®-® and human cell lines®-® grown under conditions of thymine 
deficiency can incorporate 5-chloro-,. 5-bromo-, or 5-iododeoxyuridine (CUDR, 

♦ \Vc are thankful to Prof. A. Wacker for these data calculated on the basis of the Leybold atomic 
models. 
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BUDR, or lUDR) into their DNA. CUDR and, to a slightly lesser extent, BUDR 
appear to be the best thymidine substitutes, as judged by their ability to promote the 
growth of 5-fluorodeoxyuridine (FUDR)-inhibited human D98/AG cells. Human cells 
in which BUDR® or CUDR has been substituted for 30 to 60% of the DNA thymidine 
are fully viable and can be cultivated indefinitely under these conditions. Bacteria 
[Escherichia coli and Bacillus subtil is) labeled in the same manner become very fragile, 
but the DNA of the latter appears to be fully functional, in terms of specific trans- 
forming activity for 3 auxotrophic markers, which was not altered when either one or 
both DNA strands were hecivily BUDR-Iabeled (70** thymidine replacement)^®. 

Despite its biological functionality, h.'ilogen- labeled DNA confers upon the organism 
a highly increased sensitivity to ultraviolet light (UV). In extreme cases, the survival 
rate for UV-irradiated BUDR-labeh'd human cells is the .same as for imlcTbehnl cells 
receiving a UV dose 20 times higher (20-fold dose reduction)®. With bacteria* 1 3 , 
phage 0X-1741®, and intracellularly or extracellularly irradiated transforming 
DNA^**. radiosensitization corresponding to a 4- to 7-fold UV’dose reduction is readily 
achieved with heavy BUDR labeling, while less than 2-fold sensitization is observed 
with extracellularl}^ irradiated phage Ta-***’. The latter also becomes markedly more 
s('nsitivc to visible light as a result of BUDR incorporation. 

BUDR-labeled human or bacterial cells are sensitiz(‘d not only to UV but also to 
X-rays®!*’ ' a^id to the decay of DNA-incorporated which kills cells stored in 10% 
glycerol at 70°, as observed by Dr. G. Ragni in (jur laboratory. 

To effect maximum radiosensitization, both DNA strands must be BUDR lalxded®, 
7.C. two or more DNA replications must take place in the pn'sence of BUDR. The 
extrapolation number characteristic for the UV-siirvival curve of c<dls containing 
only unifilarly labeled DNA (produced by one round of DNA n^plication after the 
addition or withdrawal of BUDR) is lower than that of unlabcled cells, although the 
final slope of the curve is not markedly altered®. Thus this radiosensitization phenom- 
enon .seems to be directly related to chemical modification of the DNA. 'Hiis is 
especially apparent since CUDR, BUDR and IIJDR, as thymidine analogues, are 
incorporated only into DNA, although there is a possibilit c that converted to ribotides 
they may also replace thymine ribonucleotides in soluble i<NA^® or in some hypothet- 
ical coenzymes, thus contributing to the lethal and growth-inhibitory effects which 
are particularly apparent with thymine analogue-treated bacteria. 

Two general mechanisms may be proposed to account for the higluir radiosensitivity 
of cells containing halogen-labeled DNA: (r) an intrinsic increase in the radiation 
lability of the labeled DNA; and [2) partial or complete loss of the ability of the DNA 
to undergo the process of sp^ontaneous or enzymatic repiair following irradiation 
damage. The experimental data are compatible with the simultaneous operation of 
both mechanisms. 

(j) If the primary site of UV action on DNA is the thymin moiety^®, a greater UV 
sensitivity of 5-bromouracil as comp)area with thymine could account in pDart for the 
radiosensitizing effect of BUDR. Another basis might be the presence of weakened or 
ruptured nucleotide-to-nucleotide bonds wherever tw^o adjoining thymidylic acid 
molecules were replaced by two BUDR nucleotides, creating excessive strains in the 
polynucleotide chain. The adjacent bases must be very tightly packed together, as in 
a “stack of pennies", since there is only 3.4 A space for each nucleotide, while the 
“thickness" of an aromatic ring amounts to 3.7 A^. Thus, it seems likely that any 
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additional electrostatic repulsion or a change in the size of the grouping on the . 
or p3niinidinc ring would tend to produce a strain or otherwise distort the d(. ible- 
helical rod-like structure of the DNA molecule. The existence of single-strand w. ak- 
nesses in BUDR-labcJcd, fully transforming B. suhtilis DNA could be inferred bom 
measurements of the sedimentation constant of normal and labeled DNA (.S"oo,'v ... 
44; corrected for a DNA concentration equal to 0), which roughly corresponds lo a 
molecu/ar weight of 30 • 10^, as determined by extrapolating the data of Eigncr^'* hv 
native DNA and applying mea.surements of intrinsic viscosity. The latter value, how- 
ever. for BUDR-labeled DNA amounts to only 100 dl/g (determined in 0.195 N Na' 
at shear rates of 90, bo, 30 sec“^ and extrapolated to o .shear; 25^; 5 /ug DNA per ml), 
which corresponds to about half the expected valued®. The intrinsic viscosity of native, 
unlabeled DNA with similar sedimentation characteristics is in the neighbourhood of 
200 dl/g. Since the “melting profile** of the labeled DNA-® does not suggest the pres- 
ence of any denatured molecules, the data might be interpreteil as indicating an 
increased flexibility of the BUDR labeled double-stranded molecules (as a result of 
single-strand weaknesses). Another observation which is compatil>U» with this inter- 
pretation is the extensive degradation of BlJDR-lab(‘led DNA strand.*- upon heating, as 
indicated by the equilibrium sedimentation pattern of heat-denatured, lalx^led DNA 
centrifuged in a CsCl gradient, showing wide spreading of the band in addition to an 
0.015 g/cm® increase in the density; the latter is characteristic for the denatured 
DNA. This observation might also account for the higlur sensiti\'ity of BUDR- 
labeled bacteria to heat^b The data as a whole support the concept that faults exist 
in the longitudinal structure of BUDR-containing polymers, which conceivably could 
contribute to the increased lability to radiation. On thi‘ other hand, the strength of 
the hydrogen bonding between the polynucleotide strands of DNA would not seem lo 
be affected by halogen labeling, since the “melting** tempiTatures of the labeled and 
unlabeled DNA measured at high ionic strength are similar^-. At low ionic .strength 
(0.001 M NaCl in 50% metharrol solution) the “melting** temperature ofbrominated 
or iodinated DNA was actually 2 to 3° higher than that of non -labeled DNA extracted 
from B. subtilis. That hydrogen bonding is not involved in this radiosensitization pro- 
cess is also indicated by the high increment in the UV sensitivity of BUDR-labeled 
(iPX-174 phage^^^ which contains single-stranded DNA. 

The strongest support for the vo\e of direct UV sensitization of halogen -labeled 
DNA comes from the experiments on the inactivation of CsCl-gradient-purificd nor- 
mal, BUDR-, and lUDR-labelcd transforming DNA (/». stihiilis, indole marker). The 
37% “survivals’* for these 3 types of DNA correspond to a UV dose of 5960, 1180 and 
1430 ergs/mm® re.spectively. Since identical increments in radiation lethality were 
observed for both BUDR-grown intact cells and for BUDR-labeled transforming 
DNA extracted from these cells, it can be concluded that in the intact cell, DNA is 
the principal target of lethal radiation effects and thus the most radiosensitive of the 
indispensable cell components'^. 

(2) The radiosensitizing effect of halogenation might also reflect a lower rate of 
spontaneous recovery of the labeled DNA, as exemplified by the decrea.se in photo- 
reactivation of organisms containing BUDR-substituted DNA^^*!-**^. The halogen 
atoms lining the large groove of the DNA double-helix might conceivably interfere 
with the fit of the protein (enzyme) molecule active in the “dark** or “light** reactiva- 
tion process, or with the protein “backbone** of the chromosomal structure. Irreversi- 
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bility of the UV-induced changes in BUDR as compared with reversibility of thy- 
iniflinc-localized UV damage can also he invoked to account for differences in the 
extent of photoreactivation. 

BUDR labeUng of DNA offers several opportunities for experiments on the fate and 
the mode of replication of DNA, since labeled molecules can be separated by the CsCI 
centrifugation procedure, and the dlls are tliffercntially marked by increased UV 
sensitivity. E. g., using the “bifilarly” BUDR-labeled transforming DNA as a primer 
in the DNA synthesizing system containing DNA pol3'nierasc‘ and "light” deoxy- 
nucleotide triphosphates, it would be pos.sible to separate in the CsCl gradient^® any 
newlj' sy’nthesized "light” DNA (after at least two rounds of replication) and deter- 
mine its transforming capacity, even though the latter were extreinelj' low or e,xten- 
sivelj’ reduced bj' DNases as compared with that of the original "heavy” primer. 
Various other experiments of this t\'pe an* feasible or have already been completed. 


McArdlc Memorial Laboratory, Umversily of Waclaw Szyualski* 

ir/Ar»HA7M, Madison, U'isc. 

J L. The Xatnirc of 1 he Chemical Hond, (.'(irni'll l'nivrr:>ity Pivss, Ithaca, 11)45, P* 

2 K. M. I.iTMAN AND A. H. PAKDKR, Hiochim. liinphys. Acta, » (ig(»o) 117. 

1 ". Weygand and a. Wackkr,^. Sainrlorsch., H; (195^) 29. 

' S. .*.>») Ct. (^NiiiOFK, Xatuee, 1 7-1 (i<)54) 30O. 

j I>. B. |)r*NN AND J. I). Smith, Jiiochem. J., by (1957) 

« M. 'r. Hakala, y. Jiiot. Cheifi., 234 (1959) 3072. 

' M. L. KiDiNOEE, L. CiiKONG AND Si. A. Kicii, S( I euce , 129 (1959) 1550. 

^ VV. SzYBALSKi and B. Djordj KVK', 44 (195*)) 540. 

“ B. Djordjkvic and \V. Szyhalski, ,/. Ktptl. Med .112 (1991)) 5(19. 

*** W. SzYBALSKr, Z. Opara-Kuuinska and K. Kphrati-Blizur, federation Croc,, 19(1900)309. 
S. Oreer, y. Gen, Microbiol., 22 (19O0) O18. 

*2 Z. I-ORKIKWTCZ AND \V. SzYBALSKi, lUochcm. fUophvs. Heseuvch Commitns. , 2 (19O0) 413. 

A. VV. Kozinski and \V. Szyhai.ski, r/rn/o/'V, 9 (i 959) ^ho. 

' * Z. OrARA-KuBiNSKA, Z. Lokkiewu’Z anj) \V. Szybalski, Hioihem. liiophys. HesearchCnnitnuns. , 
4 (1961) 288. 

V. \V. Stahl, J. M. ( raskmann, 1 -. Okun, K. Fo.v and ('. J.aird, Virolof^y, 13 (i9hr) 98. 

H. S. Kaplan and B. A. Tomlin, Radiation Rcscanh, 12 (icjf in ^7. 

I). IT J:)iJNN, J. 1 ). Smith and P. P. Spahr,,/. Mol. Bwl., 2 (19O-) 1 13. 

R. Bi'.ukkrs and \V. Bkrknds, Hiochim. Hiophys. Acta, 41 (kp-i 550. 

J. luGNKU, The yjative, J)enaturcd and Renatured Stales of Deo.wnbomuleic . Idd ( Ch.fJ. Thesis) , 

Harvard IJiiivcrsity, t\'inil)ridgc, 19O0, p. 128. 

2 “ J. MakxMUR AND 1*. Doty, Nature, 183 (1959) M-7- 


* Tliis study was the result of a joint effort with s«*vcral of my colleagues and students, including 
Dr. B. Djordjevic, Dr. A. VV. Kozinski, Dr. Z. Jxjrkiewicz, Mrs. Z. Opara-Kubinska, Dr. G. Ragni, 
and cooperation with Dr. K. Kphrati-Rlizur and Dr. S. Zanienhof of the Department of Biochem- 
istry, Columbia University. 

Grants from the U.S. Public Health Service (CY-5415. t Y-34q^) and from the National Sen nee 
Foundation (G-yozi) are gratefully acknowlwlgud. 



546 


Photosensitization and protection from radiation by hematoporphyrin* 

Any biological event produced by radiation is initiated by energy absorption. 
The absorption of energy is dependent on the type of radiation and on the substrati' 
structure. In the case of a photodynamic effect there is a relationship between tlu 
energy absorption and the molecular structure of the sensitizer. Only the energy 
absorbed by the sensitizer is utilized, and generally the action spectra and the ab 
sorption spectra correspond. In the case of the effects produced by highly energetic 
radiation such as X-rays, any substrate can absorb radiation, independent of its 
molecular structure. 

Recently ’ *2 several attempts have been made to find out whether photosensitizors 
play a role under X-irradiation. In this connection, no definite conclusions have been 
reached; Schwartz® obtained inconclusive results in experiments carried out with 
porphyrins under X-irradiation. These experimental resiilts suggest that it may be 
profitable to study the role of hematoporphyrin in the inactivation of an enzyme l)y 
visible light and X-raj's in relation to the radiation dose and the substrate and hc'ina- 
toporphyrin concentrations. 

Lysozyme (Armour) was used as a substrate. Any change in this well known 
crystalline protein can easily be detected by means of ('\'al nation of the enzymt' 
activity. Moreover, lysozyme hcis been extensively studied under photodynamic 
conditions by Shugar^ and Weil®. These authors investigated the action of light on the 
activity of lysozyme in the presence of riboflavin and methylene blue. The enzynn 
activity was studied according to Cas(‘lli* by measurements of tlie optical density ol 
Micrococcus lysodeicticus su.sjx'nsions in the presence of different .samples of the enzyme. 
Hematoporphyrin hydrochloride (Nordmark) was used in phosphate buffer at i)H <S. 
Radiation sources were: a) a low pressure mercury lamp at a distance of 20 im from 
the samples (768 • 10® crgs/cm®/sec). b) an X-ray generator, 220 kV and 12 niA, at a 
distance of 25 cm (67 r/min exposure dose) ; an A 1 filter (o.i mm) and a Cu filter (0.5 
mm) were used. 

Preliminary experiments show'od that lysoz3’me irradiated with visible' light in the 
presence of hemato(X)rphyrin undergoes a loss in enzymatic activity. Even in the 
absence of hematoporphyrin there was a certain degree of inhibition depending on the 
time of irradiation. The photodynamic activity of hematoporphx^rin was calculated 
from the difference of the inhibition obtained in the presmee and in the absence of the 
dye. The photodynamic effect on lysozyme was studied as a function of the time of 
irradiation. Lysozyme (o.4//g/ml) was irradiated in the presence of ^ematopor^jhyrin 
(10 ® M) for up to 180 sec. 

In Fig. I the log of the % enzyme activity is plotted against the exposure time. 
The resulting straight line function shows that the reaction is of the fir.st order. 

In other experiments the phenomenon was studied as a function of the lysozyme 
concentration. In Fig. 2 the variations in the % enzyme activity after 60 sec of 
irradiation are plotted against the lysozyme concentration, from o.i /ig/ml to 0.8 

* This work was carried out during the tenure by one of us (A.C.) of a grant from C.N.R.N. 
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^g/ml. Hematoporphyrin concentration was constant (i0“® M). Fig. 2 shows that the 
inhibition increases with increasing concentration of the enzyme up to a maximum 
corresponding to o.^/igjnd and then there is a diminution of the effect. 



Im#'. 1. l*li<it(Hlyiiainic inliibition of lysozyme as a 
Jiijriction of time of irradiation. 



lyso/.yme as a function of enzyme 
concentration. 




3- Pbotodynamic inhibition of lyso- 
zyme as a function of hematoporphyrin 
concentration. 


h'ig. Optical density variations at 395 m/i of 
the sui)ernatant of hematoporphyrin solution 
(io-«A/) in the presence of increasing concentra- 
llons of lysozyme. 


The photodynamic inhibition of lysozyme was « 1 po studied in relation to hemato- 
porphyrin concentration. In Fig. 3 the % lysoz\Tne inhibition (enzyme cone. 0.4 
figjml) is plotted against the hematoporj/.^Tin concentration nom io~* M to io“® M. 

Here also, as expected, the inhibition increases with increasing concentration of the 
hematoporphyrin up to a maximum and then decreases. 

An objection could be advanced in this case, since the decrease of the effect after the 
maximum could be consistent with the filtering effect of the outer layer of the system 
at high concentration of the dye. However, the shape of the function is practically 
similar to that obtained in Fig. 2, where the concentration of hematoporphyrin was 
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constant. It seems that in our system there is a maximum of energy utilization wh. t 
there is a certain hematoporphyrin/lysozyme concentration ratio. 

Experiments carried out to verify this hypothesis showed the formation of a pinv 
precipitate at pH 8.4 from a solution of hematoporphyrin (10 ® M) and lysozym • 
(6 /ig/ml). With lysozyme at higher or lower concentrations, the precipitation took 
place to a lesser extent. This phenomenon was studied by measuring the optical 
density (395 m^u) of the hematoporphyrin solution of the supernatant of a series of 
testtnbes containing increasing concentrations of lysozyme in the presence of he 
matoporphyrin sit constant concentration (10 ' ® M). It is apparent from h'ig. 4 that hc- 
matop)orphyrin is bound to lysozyme in a definite ratio. 

All the above mentioned experimental results are consistent with the fact that 
photodynamic inhibition of lysozyme is dependent on a combination of the dye with 
the substrate. 



Fig. 5. Frotoctive rffret of hcniatoptirphynn on Ihc 
inhibition of ly3(»zy»ne by X-radiation. ICnzymc cone. 
- 0.8 /<g/nu Irradiation = 2000 r. 


The results of the attempts mside in order to find out whether hematoporphyrin 
plays a sensitizing role w'hon lysozyi. e is irradiated with X-rsiys, are shown in Fig. 5. 

The presence of hematoporphyrin in the system under X-rays does not synergise 
the action of the high energy radiatioj:; on the contrary, a definite protection was 
observed. The protective effect increased with the concentration of hematoporphyrin 
as shown in Fig. 5, where the enzyme inactivation is plotted again.st the hemato- 
porphyrin concentration. 

To conclude : ( a) lysozyme can be inactivated by photodynamic Action of hemato- 
porphyrin. ( b) the photodynamic inhibition of lysozyme is dependent on a combina- 
tion of the protein with the dye and shows a maximum at a definite concentration 
ratio of the two substances. ( c) a protective action occurs when lysozyme is irradiated 
with X-rays in the presence of hematoporphyrin. This effect is dependent on the 
hematoporphyrin concentration. 


Institute of General Pathology, 
University of Milan (Italy) 


Ami.eto Castellan I 
Claudio Lippe 
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Protective effects of some sulphanilamide disulphides on the inactiva- 
tion by ultraviolet and Rontgen radiations of animal lactic and alcohol 

dehydrogenases* 


The following suhstani'cs aiul somi* other derived disulphides have been studied: 


s -s 

S - s 

Nil, 

NHa 

f'N N,.. 

/'x 

II J 

\/ \/ 
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/■ 

\/ 

\/ 

SOoNHa S()2NU2 

1 

so. Nil, SO,NUa 

11 

1 

SOsNlI^ 

111 

S( laNI I 2 


Most of th(‘ exiHT'inients deal with compound i, but all other disulphides give compa- 
rable results. 

Previous experiments^ have shown that these sub.stance.s interact with yeast alcohol 
and lactic dehydrogena.sc's. This interac tion is shown by the appearance of two bands 
at 323 and 28S ni/i, which an* typical of the reductnl compound. The interaction is 
of the type: 

K- Sll i U-SS -K -->K SS R i K-SK 
with the subsequent possible reaction: 

K-Sil } K-SS- K - j iv-Sll 

Fig. I show's the band of the di.sul[)hide (line i) and of its reduction product as ob- 
tained by addition of cither cysteine (line 2) or yea.st alcohol dehvdrogena.S(* (lini; 3). 
'riii? interaction results in inactivation of the enzyme 

However, tliesc substances do not interact with all the -SH groups on a protein, 
laver alcohol dehydrogenase (pn^pared according to Iionnichsen and Brink 2, and 
tested for activity according to Theorell and Bonnichscui^) is neither inactivated nor 
causes changes in the spectrum of the disulphidi*. Hc‘art lactic dehydrogenase (pre- 
pared and tested according to Neilands"*) shows this same b?‘haviour. The substance 
must require special conditions on the I '-otein surface in order that thtj interaction 
can take place. 

I found that those enzymes which do not react with this substance are ncivertheless 
protected from irradiation by it. This protection is evident both for irradiation with 
ultraviolet light and Rontgen rays. Dosimetry has been performed for ultraviolet 

• This investigation was made f)os.siblc by grants of the Comitato Nazionale per ITCnorgia Nu- 
clearc, Rome, and of the Rockefeller 1‘oundation. 
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irradiation with a system containing ferric oxalate (according to Hatchard and Parker ) 
and for Rontgen-rays with a S3rstem containing ferrous sulphate (according to ROsii , - 
ger*). The extent of reduction and oxidation respectively were measured by means <4 
o-phenanthroline and thiocyanate. 



** * * i5«tor»4 Fig.. 4. Effect of ultraviolet light (2537 A) 

Fig. 3. Effect of disulphide on X-irradiated heart on the spectrum of the disulphide, i, not 
lactic dehydrogenase. irradiated; 2, irradiated. 
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Fig. 2 shows the effect of V.Y. irradiation (2537 A ; emitted by a generator Hanau 
NN 15/44) on hejirt lactic dehydrogenase in o.oi M phosphate buffer pH 7.2. The 
ordinate is percent activity (logaritlimic scale), the abscissa is time of irradiation. 
Line i shows the activity of enzyme alone; line 2 shows the effect of addition of 
reduced glutathione; line 3 shows the effect of addition of the disulphide i. When 
liver alcohol dehydrogenase is i; radiated with IJ.V. light in the presence of the di- 
sulphides, similar results are obtained. 

Fig. 3 shows the protecting effect of the disulphide on the inactivation of heart lactic 
dehydrogenase in o.i aM phosphate buffer pH 6 , by X-rays produced by a Siemens ap- 
paratus at 120 kV, 20 inA, vvitli aluminium filter of 2 min (half-value layer of o.i8 mm 
Cu) ; irradiation distance, 9.5 cm. Ihe energv absorbed by the solution under these 
conditions is 4S0 rad/min. Line i shows the inactivation of the enzyme alone, lines 
2,3 and 4 in the prescnci*. of various amounts of compound r. It is evident that low 
concentrations of tlu‘ disulphide are sufficient for a marked protection. 

Similar protective effects of the disulphides are also obsiTX'ed with solutions of 
panen^as crystalline* ribonucl(*ase irradiated with ultraviolet light and X-rays'^. 

Since the substances do not interact with thesis liver dcoliol and heart lactic dehydro- 
genases and pancreas ribonuclease, an indirect effect was suggested. The substance 
jx)ssibly ac'ts as a free* radical trapping agent. In fact, the substance was also found to 
protect lii'"- eiir'vme against inacti\'ation when incubated with a system which is 
known to produce free radicals, c.g. that formed by ferrous suli>hat(* and hydrogen 
peroxide. 

As 1 have ol)serv(*d it is remarkable that this substance has a much great(*r effect 
than cysteine or thiouri'a on the protection against ultraviolet irradiation. The ejuan- 
turn yield, calculated for the U. V.-irradiat(‘d h(*art lactic dehydrogenase and pancreas 
ribonuclease, showc'd that the protc'CtivT effect does not depend on the IT.V. light 
ab.sorption on the part of the di.sulphide.s. On the other hand, for X-ray irradiation 
the ('ffects of these substances an* of comparable magnitude. 

The prote('ti\’e effect is due either to the substance* itself or to a derivativi* of it. 
Fig. 4 shows, in fact, that irradiation causes a change ii th(* spectral properties of the 
substance. 
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Photosensitizatfon by furocoumarins: psoralens* 

t 

This study concerns the biological photosensitization by a group of compounds callt d 
furocoumarins, more generally known as psoralens. Recently they have been wiciolv 
used in augmenting the skin pigmentation of normal persons, for treatment of leuko 
dermic skin and pigmentary disorders, in improving .sun tolerance and prevention of 
skin cancers* *2. The biological photosensitization to long-wave ultraviolet light induced 
by psoralen (P) and 8-methoxypsoralcn (8-MOP) and other related furocoumarins 
has revealed that (a) human skin as well as skin of several other mammalian species 
is photosensitized following topical or oral administration of the drug®>‘‘>® ; [h) bacte,ria 
and fungi arc killed, seed germination is inhibited, and mutations in drosophilia are 
observed*-’. 

The purpose of this study was to explore the mechanism of p.soralen photosonsitiza- 
tion. The biological activity of these compounds wms determined i<y : (a) an erythemal 
response of the skin observed visibly and photometrically by ndlectance after 24 and 
36 hours following topical application of these compounds on albino guinea pig .skin*; 
(6) by photosensitized inhibition or inactivation of enzymes such as succinic dehydro- 
genase (SDH), lactic dehydrogenase (LDH) and cytochrome oxidase, both in vivo and 
in vitro systems. Mercury high pres.surc lamp emitting ultra\ iolot light of wavelengths 
>320 m/i was used. Absorption sjx'ctra of these com|X)unds were obtained on Beck- 
man recording spectrophotometer. The activating and the fluorescent wavelength.' 
were determined by Aminco- Bowman spectrophotofluorim(‘ter*. The action spectrum 
of psoralen was determined by studying the inhibition of LDH at tiiff(*rent wavelengtlis 
from a monochromatic source in presence of psoralen. 

The effect of structural alterations on the biological activity of furocoumarins 
with 36 furocotimarin and 42 coumarin derivatives was investigated. None of the 
compounds tested was more active than psoralen. Substitution with methyl groups at 
positions 4, 5' and 8 did not reduce the activity but methyl substitution at 4' or 3 po.si- 
tions significantly decreased the photosensitizing activity of psoralen. Simultaneous 
substitution at 3 and 4 positions also resulted in loss of activity. Substitution of an 
alkyl group larger than methyl decreased the activity. Substitution with methoxy, 
amino, nitro, acetyl, acetamino, bromo, ethylcarbamyl at 5 or 8 positions resulted in 
either partial or complete loss of activity. Oxazolocouinarin derivatives, isopsoralen 
derivatives were found to be inactive. Hydrogenation at 4' and 5' double bond prac- 
tically eliminated the photosensitizing response. A benzo-difuran derivative was found 
to be active, but hydrogenation resulted in loss of activity. Most of the coumarin 
derivatives were inactive. In short, any other substitution or mofiifi<jation of psoralen 
structure was found to either lower the response or mitigate the activit}'. 

The inhibition of SDH by psoralen or 8 -MOP in presence of ultraviolet irradiation 
(■>3200 A) both in vivo (guinea pig skin) and in vitro system (rat liver mitochondria) 
and the inhibition of enzymes such as lactic dehydrogeniise, cytochrome oxidase in 
vitro system was observed. The photosensitization by P or 8-MOP was independent of 

• This investigation was supported by U.S. Public Health Service grant number C-2837 P.E.T., 
0*5052 GM, and E-3102. 
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oxygen ; in fac.t the presence of molecular O2 tlt'creased the degree of photosensitiza- 
tion. When O2 was replaced by nitrogen or helium, inhibition of LDH or SDH could 
still be demonstrated. The temperature coefficient for 8-MOP photosensitization was 
less than i.o. More enzyme activity was lost when illumination was carried at reduced 
temix'rature. The SDH and LDH enzymes were not protected against photosensitized 
inhibition by 8-MOP or P following the addition of SH-reagents such as cysteine, 
2,3-dimercaptopropanol (BAD and glutathione. Indeed, tin* addition of glutathione 
to rat liver mitochondria in progre.s.si\(>ly high concentrations (10 •• to lO' 3 M) was 
found to increase the degree of photosensitized inhibition of SDH. Incorporation of 
ethylenediaminetetraacetale (KDTA 2 *10 - 3 . 1 /) into biological systems (SDH -f- 
psoralen, LDH - psoralen), prior to irradiation revealed a significant protection. 
No evidence was obtained which suggested that ICD'l'A formed a complex with protein 
or its prosthetic group. No prottx-tiw' effect was (»b.ser\-ed when amino acids such as 
tyrosine, tryptophan, histidine, cysteine, methionine, and glutathione w'ere incorpo- 
rati'd in tin* biological system. Incorporation of cpiinones into LDH j psoralen 
system did not alter the photosensitization effi'ct of P. However, proteins such as 
albumin and fibrinogen, vitamin Bpj and DPNH pi ,-vent(;d the photoseasitization 
by P. The activating wavelengths for biologically acti\'e furocoumarins were found in 
two regions: (/) 2(15- 280 m^; (2) 340-380 m/i. riu* lluorescence jx'aks for thesi' 
activafmg 'A.rvelengths were in the region of 4.>o-4bo n\fi. The inactive furocoumarins 
did not reveal such relationship. It is more likely that furocoumarins which show 



Fip(. I. Al)S(»r])tioii spoctniTn and action sprctrnin of psoralen (phoioscnsiti/cd inhibition 
crystalline lactic clehvdrogcnaso) Absorption spectrum; Action spectrum. 


activation peaks in Ihc ref^ion of 340- 380 m/i and concomitantly tli(‘ fluorescent 
peaks in the r(‘gion of 420-460 can cause photiisensitization of skin and inhibit 
('nzyme activities in this rcRion of lonf^-wave ultraviolet lifjiit. The action spectra for 
these photosensitizing compounds lie in die region of 340-380 m/i. The action spec- 
trum determined by the photosensitizt'd destruction of LDH activity induced with 
psoralen was at 240, 290, 320 and 360 m/i. (See Fig. i). This corresponded closely 
with the absorption .spectrum of psoralen (245, 295 and 326 m/i). The 360-mjU wave- 
length which inhibited LDH in presence of P corresponded with the excitation pc^ak 
(activating wavelength) of this molecule. It appears that the exciting wavelength of 
360 m/i for maximum fluorescence of P represents a triplet .state for this molecule. 
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which being highly reactive, induces biological changes. Two hypotheses are at';- 
vanced: (l) It is postulated that the mechanism of P action involves a free radic.il 
formation in psoralen- or psoralen plus protein mixture ; [2) a metastablc triplet stai ■ 
of psoralen has also been postulated which interacts and stabilizes free radical forintnl 
in proteins. It seems that the high energy and great reactivity associated with<frci- 
radical or triplet state is responsible for photosensitized biological reactions induces! 
by psoralens. 

Departments of Dermatology and Biochemistry, University of Oregon M. A. Pathak 
Medical School, Portland, Oreg.fU.S.A.) J. H. Fellma.n 
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Zur Photoaktivierung des Provitamins D von Trockenhefe 

Zur Bestrahlung voxiTorula utilis in Pulvcrform auf einem Transportband wurde das 
Gesamtspektrum des Hg-Hochdruckbrennors PRK2 verwendeti. Die oberste lleh- 
schicht, die der UV-Quolle am miclisten liegt, absorbiert weitgclumd Strahlung und 
wirkt als Filter fiir die tiefer liegende Hefc. Doshalb musste die auf dem Transport - 
band in einer Schichtdickc von 0.5 mm aufgetragene Hcfe nach Passage des Str.ahlon- 
kcgels jedes Brenners durch Leitrollenpaare gewendet werden. Auf dicse Weise wurde 
in Torula utilis — abhangig vom Steringehalt -- maximal ein Vitamin D-(iehalt \ on 

t,.,. ... . I I.K. Vitamin D 

‘ * maximal pro Gramm Hefc 

Torula Utilis 0.2% 12000 

Torula utilis 0.6% 40000 

erzeugt. 

Diese Ergebnisse veranlasstcn zur Bestrahlung von Backhefe mit hohem Sterin- 
gehalt. Da mit Anstieg des Stcringchaltes zumeist auch ein erhohter Fettgehalt ver- 
bunden ist, musste ein anderes Bestrahlungsverfahren herangezogen werden*. 

Innerhalb einer Trommel befindet .sich ein Reflcktor, untcr dem die entsprechenden 
Hg-Dampfdrucklampen angebracht sind. Die Trockenhefe wird in die Trommel ein- 
geschiittet und breitet sich bei Drehung der Trommel auf einemTeil der Innenwandung 
aus. Durch andauerndc Drehung der Trommel wird die Hefe umgewendet. Die an der 
Trommelinnenwand haftendc Hefe wird durch eine Burstc abgestrichen. 

Der Grad der Fotoaktivierung des Provitamins D wurde durch FMlung des nicht- 
aktivierten Stcrins mit Digitonin in dem zu verschiedenen Zeitabschnitten entnom- 
menen Hefeproben bestimmt. Die Fcststellung der antirachitischen Wirksamkeit 
erfolgte im prophylaktischen Rdntgentest, da die meisten chemischen Vitamin D- 
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Bestimmungsmethoden uiizuvcrlassige VVerte ergabcn**^. Die Hefeteilchen wiesen 
eine Grdsse von 0.15-0.3 mm auf. Bei Bestrahlung grosserer Hefeteilchen wurde nur ' 
ein geringerer Aktivierungsgrad erreicht. bei Verwendung kleincrer Tcilchcn verhin- 
derte Staubentwicklung ein onlnungsgemasses Bestrahlen. 



Al)I). I. Krf(ost('rin-lsoin<Tisi(*- 
nnig unci Vitainin>I> Hilclung 
in lu.*llgi.‘ll)cr Trockcnbackhefo 
(Tc*ilch(‘ngr6ssr cltT Ilufc 
0.15 o.j mm). . - - - StcTin; 

Vitamin I). 


Das Dia^ramm ein asyinptotischcs Vcrsi'liwiiiclen cles niit Dipitonin fjillbareii 
Sterins inncThalb lo Stundcn. Die antirachitischo Wirksamkeit steipt bis zn c*in(*m 
Maximum iind fallt bei weiterer Dostrahlunp stark ab - verhiilt sich also ahnlicdi, wie 
die Vitamin D Aktivitiit bei Hestrahlunp remen Erpostcrins^. 

Bei acjuivaltMiten Straliliuipsfluss dor Resonan/Jinie 254 m// (Niederdruckbronner 
NK 25/85) wird ein pleichartipes Verhalten sowolil in beziip auf Isomerisi(‘runp des 
Dipitonin fidlbaren Sterins als aucli auf Vitamin D-Iiildunp beobac hlel. 

Ahnlieli starke Vitamin D-bildcmde Effekte der Welk'nliinpe 254 nyi konnte icli 
pemeinsam mit Pfennipsdorfi bei Bt.,iialilunp \up Ratten und von Mileh fest- 
stellen; Pfordte^ bc^obaelitete diesen Effekt bei Erposten aktivienmp. 

lnt(Tessant ist in diesc*m Ziisammcnhang, dass die antiraehitische Wirksamkeit 
bestrahltcr Hefe relativ laiipe konstant bleibt. So zeigten Hefeproben mit 48000 LE. 
Vit. D/g naeh sechsmonatiper Aufbewahrung bei 40^ im Brutsehrank keine Abnahme 
der Vitamin D-Wirksamkeit, wiihrend kristallisiertcs Vitamin D unter diesen Bcdin- 
gunpen zersttirt wird. Auf Grund entsprechend(*r Modelivcrsuclie kann angenommen 
werden, dass ein mechanischer 02-Scliutz der Hefezellvvand prossen Einfluss auf die 
Stabilitiit des aktivierlcm Ergosterins besitzt. Viclleielit liept aueh ein Toil des Vita- 
min D im Hefezellkomidex in Bindungen vor, die eine rasehe Zerstdrung unmdglich 
machen. 

Pharntakologischcs Institut*, Universiiat Halle, Saule (Deutschland) W. Ponsold 
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The mechanism of the reversible photoreduction of porphyrins 

Work carried out in the Laboratory of Photobiocheniistry, Institute of Biochemistry, 
U.S.S.R. Academy of Sciences, showed that compounds of the porphyrin or chlorin 
type, as well as their complexes with some mt‘tals (Mg, Zn) possess the ability to 
undergo reversible photochemical n^duction^- 3 . Upon illumination of the solutions of 
these compounds in the pn*sence of various reducing agents under anaerobic condi- 
tions, reduced products are formed that hav(' a higher reducing potential than the 
original ones. This shows that it is possible to store uj) the energy of the absorbed 
light in the compounds formed. 

The reaction mcichanism of photoreduction of the compounds of porphyrin or 
chlorin structure is of considerabli! interest since several biologically important sub- 
stances, the group of chlorophylls in particular, have a closed ttdrapyrrol ring, and 
the ph(».j'**'-v.’ ‘*Hizing action of these substances may be related to their capacity to 
rapidly ac('('pt and give up an electron. 

Photoreduction of the compounds mc'ntioned und<!r usual conditions h^ads, as a 
rul(\ to the formation of relatively stable niduced products which undergo the rev'erse 
reaction relatively slowly in the dark, (!ven when oxygen is admitted; these products 
can hardly be regarded as appropriate oncb for the role of intermediates, i.e, electron 
carriers in the sensitization of redox reactions. We found that the n^duced products 
fonmxl under usual conditions an* not the primary products of photochemical reduc- 
tion of pigments and that their appe^aranexj in solution is preceded by the formation of 
much more labile reduced products^. We succe(?ded in this by lowering the temperature 
of the experinK'nt to 45''', — 65“. As a ie:.ult, the seumdary reaction of photoreduc- 
tion which is usually observed at room temperature w -s strongly decelerated. Ihe 
primary photoreduced product of metjil-containing porphyrins and chloriris, in 
particular chlorophylls, turned out to be very un.stable, so that its pre.senc(* could only 
be detected by means of electrometrical measurements'*. I^y contrast, a similar prod- 
uct formed by metal-free pigments (6\g., pheophytins, protophcjophytin, haeniato- 
porphyrin) is rather stable? at low t(!mperature, and we succe(*ded in recording spectral 
changes conpsponding to the appearance of this product and, in some cases, even in 
measuring its complete absorption spectrum®^®. 

The relative stability of the primary products of metal-free pigments at low 
temperature enabled us to follow the kinetics of the formation and back reactions of 
these compounds under various conditi* :s and to study some of their properties. It 
turned out that the velocity of their formation, unlike that of the formation of the 
secondary compounds, is temperature independent within the range — 20^ to — 100°^. 
This does not change when usual reducing agents are replaced by deuterated ones®. 

Electrometrical measurements of changes of the redox potential and the electro- 
conductivity of photochemically reacting solutions have shown that the observed 
changes of the potential and the conductivity arc determiped by the appearance in 
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the solution of the primary reduced product and that only this product is active^ )n 
the electrode, and, apparently, ionized. 

The primary reduced products of all the compounds studied are very reactive aii l 
react rapidly with the electron acceptors possessing a normal redox {jotential moK- 
positive than — 0.32 to -- -0.34 V (^.g., safranine T, neutral red, diphosphopyricjini • 
nucleotide) even at a very low temperature (in our experiments, down to — 120 .. 

The properties of the primary reduced product indicate that it appears as a resuij 
of electron transfer from the reducing agent to the jugment and that it is a compound 
of the type known as an ionized free radical, i.e. a semiquinon.e.'l'hc secondary reduccil 
form produced by photochemical reduction of pigments at room temperature seems 
to be a result of the dark addition of a proton to the primary semiquinone. The prol)- 
ability that the primary photoreduced form is a free radical found corroboration in 
further work of our laboratory on the measurement of electron paramagnetic rcsf»- 
nance spectra and in experiments on the initiation of methylcrylate polymerizalion 
upon the photoreduction of pigments*. 

The properties of the primary reduced product, as a free radical, allow us to regard 
it as appropriate for the role of an intermediate electron carrier iji photosensitization 
by pigments of oxydoreductive reactions. The mechanism of such sen.sitization seems 
to be the following: a pigment molecule in the long-lived excited state accepts an 
electron (or some electrons?) from the electron donor, as a result of which the primary 
reduced form of the pigment is formed. This reacts with the acceptor and transfers an 
electron to it. The original pigment is thus regenerated, and the semiquinone of the 
acceptor is formed which can either dismutate or subseciuently add a proton. The 
whole process can take place very quickly, particularly wlu'n it proceeds within th<‘ 
complex formed between the pigment, the donor, th(! acceptor and, presumably, tlu' 
solvent. 

Tlie possibility of this kind of sensitization mechanism for metal-free com])ounds of 
porphyrin or chlorin structure jvas confirmed by us by means of the .separation of the 
processes of the. formation of the primary reduced form and those of its n-action with 
the electron acceptor. For the comjjounds containing a metal atom in the centre of thi‘ 
molecule this could be done by means of electroconductivity measurements. Rapid 
changes of the conductivity under the alternation of light and darkness at low tempera- 
ture which are characteristic of pyridine pigment solutions (c.g., those of chlorophyll) 
and are due to a rapid appearance and disappearance of the labile ionized reduced 
form, cease in the presence of the non-reduced acceptor and arc resumed again on its 
complete reduction*®. 

The above described mechanism of photoreduction and photosensitization is 
characteristic of tetrapyrrol compounds with a closed ring of conjugated double bonds. 

Special experiments** have shown that tetrapyrrol compounds with an open ring, 
bilirubin in particular, lack the ability to undergo rapid photocheiiiically reversible 
reduction and that the efficiency of their sensitizing action is much less than that of 
porphyrins and chlorins. 

It is quite po.s.sible that the mechanism of photosensitization by porphyrins and 
chlorins which we have put forward for solutions and which includes the formation 
of the primary reduced form also tjikes place under heterogeneous conditions** and 
in living organisms. In particular, such a mechanism is very likely to hold for the 
chlorophyll on the sensitization of photosynthesis. The rather high reactivity and 
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lability of the priman' reduced form of this pigment seems to provide the high effi- 
ciency of the sensitizing process, and, therefore, the efficient utilization of the light 
energy absorbed. 


A .A'. Bach Institute of Biochemistry, V. B. EvsrK;NKEV 
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Rever^Tibi^d photoreduction of porphyrins and the mechanism of photo- 
sensitization 

The ability of rlilorophyll and its analogues to iukUt/^o rcvorsiblt* pliotorliomical 
reduc tion undcniies tlu* photosensitizing' ac tion of tlu'se pi^^inents in tlu^ j>rocesses of 
photocliemical hydrogen (electron) transfcT*. The present eoinniunieation briefly 
summarizes in' (vsligations earric'd out in our laboratory on the photochemical reduc- 
tion of porj)liyrins, whic h wc' disc'ovwc'd sc'veral yc*ars ago. The redaction is closely 
related to the pliotosensitizing (photcjdynamic) properties of th(‘sc‘ pigments. 



Fig. 1. Rtivorsiblo ptiotorfcluctic^n of hematupciqiliyrin by ascorbic acid in different media. 

1 — before illumination and after reverse rcjaction; 2, 3 - after illumination. 

Upon illumination of the porphyrin solution in the presence of electron donor 
molecules in vacuo, the absorption spectrum of the solution changes as a result of the 
formation of photon'duced pigment with specific: spectral properties (Fig. i). When 
the light is switched off, the reverse reaction is accelerated in the dark by admission 
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of air, oxygen or some electron-accepting molecule (oxidizing agent). By this me;:.i.s, 
the photoreduced pigment is reversibly oxidized and the initial porphyrin spectruri. is 
restored. Hematoporphyrin, photoporphyrin and porphyrins of photosynthesizmg 
bacteria were studied in our laboratory*. The photochemical properties and absorption 
spectra of these pigments are similar but differences in the velocity of photoreaetkms 
and back processes were observed in different pigment species. In most experiments 
we studied the porphyrin-ascorbic acid system. We observed porphyrin photoreduc- 
tion in all media where pigment and electron donor were soluble, but the properties 
and reactivity of photoproducts greatly depend on the acid-base properties of the 
medium'*. 

In strongly basic media e.g. piperidine and pyridine, photoreduced pigments having 
a main absorption maximum at 640-660 m^ arc formed. Dr. Evstigneev from our 
laboratory observed that if reaction takes place in pyridine at — 40°, the formation of 
active reduced product with absorption maxima at 460 m^ predominates; this inter- 
mediate reacts rapidly with atmospheric oxygen®. In basic media the protons of 
porphyrin carboxylic groups and electron-donating molecules are bound to molecules 
of medium. The source and the initial result of the photochemical process is the elec- 
tron transfer from molecule (or ion) electron donor to the excited pondiyrin molecule. 
In alcohol or water containing 10% of pyridine, photoproducts with an absorption 
maximum at 740 m/z are formed ; in this cast* the carboxylic group dissociation is 
probably not complete. Finally in acidic aqueous solutions (2 N sulphuric acid) we 
demonstrated the formation of photoreduced porphyrin with the main absorjrtion 
maximum at 520 m/z®. In this ca.se positive porphyrin ions accepting one electron an* 
probably formed, the carboxylic group dissociation is completely inhibited and the 
central nitrogen atoms of the porphyrin ring are bound to protons. We also obstjrved 
the fluorescence of photoreduced porphyrin with a maximum-at 760 m^, probably 
corresponding with the form with absorption maximum at 740 m/z. 

It is important to state thaft the shift of acid-ba.se properties of the medium leads 
to a reversible shift of the absorption spectra of the photoreduced porphj'rins'* but 
that in all cases the pigment regenerates after air admission. In all cases we observed a 
negative shift of the potential of an inert platinum electrode immersed in the jdioto- 


® 

0 

Q 




I r 

lOtpcm 


e 

1 

& 

\ 

-- 


Fig. 2. ESR spectrum during illumination of the pigment -ascorbic acid system iM vacuo. 1. 
chlorophyll a 2. chlorophyll b 3. pheophytin 4. hematoporphyrin 5. magnesium phthalocyaninc 
6. without pigment 7. without electron donor. 

reacting system of pigment and electron donor. This indicates the formation of nega- 
tively charged electrode-active photoproducts. 

In agreement with the general photoreduction scheme shown below, the primary 






REVERSIBLE PHOTOREDUCTION OF PORPHYRINS 


563 


act of the reaction is the electron acceptance by the excited p)orphyrin molecule (P) 
from the electron-donating molecule (AH). The excited pigment probably reacts 
while in a long-lived mctastable triplet state. The primary photoniaction results in 
ion-radical pair formation: 

P H AH P AH • P- -f • AH+ 

Our experiments revealed that the porphyrin- electron donor system is capable of 
initiating methyl-methacrylate polymerisation under visibles light illumination ; this 
indicates fn'e radical formation during the reaction*^. The measurement of electron 
spin resonance absorption spectra of th<j hematoporphyrin-ascorbic acid system in 
pyridine by its direct illumination in the resonator of the si)ectrometer revealed the 
appearance of an ESR spectrum which disappeared after the light was switched off®. 
The fine structure of the ESR spectrum corresj)onds to that observed during illumi- 
nation of ascorbic acid in jnperidine and it is probably that of the monodehydro- 
ascorbic acid radical. The ESK spectrum of the nxluced pigment radical which is 
formed during the n'action has not yet been observed because of the intense back- 
ground signal of the oxidized ascorbic acid nidical (Eir 2). 

To sum up, all the e:\i)erimi‘ntal data available lead to tlu! conclusion that the 
mechanism of porphyrin pholoreduction consists of the oxido- reduction stage of 
eliH-trofi triin;;itr accom})ani('d by a new acid -base equilibrium which depends upon 
till' properties of the medium and the (‘lectron-accepting pigmi'nt.'rhi' photosensitizing 
ability of porphyrins for oxidation of some hydrogen donors was known long ago, but 
the mechanism of the reaction was not definitely I'lucidati'd (Fig. 3). On the basis of 
our experiments with porphyrin photoreduction, we can conclude that this reaction 
gives risi! to the porphyrin photosensitizing ability. The following observations 
siijiport this c< inclusion: 





Fig. 3. Mechanism of photosensitizing action of porphyrins and analogues. 
Path of electrons ; Path of protons : - - 


(j) Photosensitized oxido-reduction occiurs only with tiiose hydrogen (electron) 
donors which are capable of photorednoug the excited pigments. 

( 2 ) In the triple system, pigment -electron donor- electron acceptor, the formation 
of photoreduced pigment cannot be observed until all the electron acceptor present 
has been reduced as a result of sensitized reaction. 

( 3 ) Finally, one can separately observe the stages of photoreduced pigment for- 
mation and the “d;irk” reaction of these with oxygen (or other electron acceptor) 
proceeding with regeneration of original pigment. 
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The photosensitized reaction consists, therefore, of a stage of pigment photoredi; 
tion followed by “dark” stages of its interaction with an electron acceptor — there 
a possibility that in this case a semioxidized electron donor molecule readily rea* v, 
with oxygen. This results in pigment regeneration and sensitized oxidation of ilu- 
electron-donating molecule. , 

Blum® showed that the photodynamic action of porphyrins and various dyes is re- 
vealed in the presence of oxygen, and is probably due to random destructive oxidation 
of vital metabolites and proteins. By this means, oxidation of side chain amino 
acids, such as cysteine, hystidinc etc. may occur, thus inactivating enzymes ainl 
proteins. In addition oxidation of the components of biochemical oxido - reductive 
systems (dienols, quinones and similar compounds) may take place. 

On the basis of the experiments described we can put forward the hypothesis that 
the photodynamic action of porphyrins and other dyes is due to their ability to under- 
go reversible photochemical reduction. 

A.N. Bach Institute of Biochemistry, A. A. Krasnovsky 

Academy of Sciences, Mosco7iii(U.S.S.R.) 
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£tude par fluorescence des porphyrines concentr^es dans les Elements 

min^raux biologiques 

Un mineral particulier, la (juincyte, est un .silicate de chaux et de magnesic colore en 
rose et dote d’unt; nette fluorescence rouge .sous les rayons ultraviolets filtres de 
la region 3.()oo L’^tude de ce mineral nous a inontre que cetle fluorescence etait 
due, de meme que celle de certaines silices hydratees roses de la merne region, a 
des concentrations de porphyrines^. 

D’ou viennent ces elements biologiques dans ces roches sedimentaires de la localite 
de Quincy? Peuvent-elles etre le fait d’aniniaux vivants aux t*poques geologirjues? 
A vrai dire cette (juestion pouvait de prime abord sembler saugrenue car il est connu 
que si les poqrhyrines se manifestent in vivo par des concentrations dans certaines 
parties de I’organisme, et, en particulier, lors de certaines calcifications, dies sont en 
ces conditions fort peu stables. 

Un exemple bien connu est celui qui se manifc.ste avec la fluore.scence des oeufs de 
poules, canards . . . Frais pondus, ceux-ci montrent en lumi6re de Wood une tres vive 
fluorescence rouge pourpre due k une localisation superficielle de porphyrines mais 
cette propricte optique disparait tres vite a la lumi6rc ou k 1’ ultraviolet®. 
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Par centre cles observations ont aussi ote faites relativement a des concentrations 
in vivo de porphyrines dans des or^anisnies vivants, lors de certaines calcifications en 
particulior. (Vest ainsi <iiie des taches flnorcsceiitos rouges sur des ossements apparais- 
sent en liaison avec une lenten agonie de I'individii dans iin lieu obscur. L'idcntification 
de la porphyrine dans dc telles ( onditions pent se faire avec une j>recision extreme 
puisque la fluorescence se manift^ste vivc^ment pour des concentrations de Tordre de 
I partie par milliard en solution. Ici la solution se trouve fait(* en solution solide dans 
les parties ('alcifiees. 

Ors un etrc! humain, par exemple. fixe puis eliinine constamment des porphyrines. 
L'urinc normale en contient de 10 a 200 /ig/l et nous eliniinons environ un (|uart dc 
milligramni(\s de copro])orphyrine nuirc un jhui de i>rotopori)hyrine dans les fiH:cs. 
Mais cette preseiict* (*st constante dans tons les etn^s vivants puisepu* ce sont les com- 
plexes d(' la protoporphyrine avec 1(‘ fer, combines a des proleines specialisecs, qui 
fournisstuit les cytochromes respiratoires prestaits dans toutes cellules vivantes. 

L’utilisation des isotopes indicateurs ont pennis de nouvelles invivstigations sur la 
synthese des porphyrines chez les aniinaux et sur la nature des aberrations qui sont a 
Torigine des redoutables porphyrievs-*. On sait (|U(‘ dii f dt (!(' la forte? photoactivite des 
porphyrines ce'tte maladie' provoepie une intense semsibilisation a la lumiere. Des 
os.S(‘ments, des dents d’animaux atte^ints de porphyrie inontrent de s taches fluores- 
c(‘nti‘s Ci.es \:aK;(.teristi(iues. Ors la fluorescence des porphyrines est elle-meme facile 
a definir par les bandes typi's**. 

Repreiiant des observations paralleles nous aN'ons pu retrouv(T d(»s fluorescences 
d(' ee type d’abord sur rles o.ssenients datant d’il y a plusieiirs annees. Un cas assez 
typique (*st celui des ossements du (hien de ^A^’^‘n Marzal. Puis sur des ossements 
d’epoques prehistoriqu<\s (dolnuMis Poitevins). 

Des lors la prestince do porphyrine concentree in vivo en des depots sedimontaires 
est fixee en forme de solution solide dans un cah'airc ou un silicate* et stabilisee ainsi 
n’api)arait jdus au.ssi mysterieuse et paradoxale, et le fait de la (juincyte, s'il demeure 
exceptionnel, merite d’etre reteiiu comme un caract^'ro naturel. On la retrouvera 
[)eut-etie ( hez certains aniinaux marins ou colonies a • deifications car deja ont ete 
cit<'s des v:as de depots <ruroporpliyrines dans des eof|uili. s mariiu's. 

Nous lu sommes pas loin, ici, de fermer un cycle naturel avec des depots sedirnen- 
taires ccjpcndant (pie les troublant(*s (jiiestions posees par les fluorescences de cer- 
taines colonies* peuvemt trouwr la une base d’etude rationnelle. 

Compai^nic des Lampes, 29 Rite de Lishtmne, Paris VII I (Prance) M. Dkriukrk 
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Pigments and photoresponses in fungi 

Phototropic and photomorphogenetic responses are widespread in fungi, and tin- 
photosensitive organs often contain carotenoids in amounts easily observable by the 
eye. This has led to a widespread view that carotenoids are the photoreceptor pig- 
ments of fungi. The validity of this concept has been examined by means of experi- 
ments on two species in which the relationship between carotenoid production and 
photomorphogenetic effects seemed particularly striking. 

In Fusarium oxysporum^, daylight brings about both carotenoid formation an<l 
greatly enhanced asi'xual reproduction, numerous macrospores being produced in- 
stead of the small number of microspores characteristic of cultures grown in darkness. 
It was found, however, that although visible light is effective in promoting carotenoid 
formation, wavelengths greater than 3600 A had only feeble effect.s on reproduction. 
Shorter wavelengths were highly effective in promoting macrospore formation and by 
adjustment of wavelength and dosfige it was possible to obtain carotenoids in the 
absence of macrosporcs, or macrospores in the abse?ice of carotenoids. It is therefore 
clear that in this organism the photomorphogenic response can occur in the absence of 
carotenoids, and that some other photoreceptor substance must be .sought. 

In Pyronenta confluens^ daylight brought about carotenoid formation and sexual re- 
production. It was found that visible light was effective* in promoting both thesi? 
responses. An albino mutant was obtained, however, which was unable to respond to 
illumination by forming carotenoids but which nevertheless needed light for repro- 
duction. In this species also, therefore, carotenoids cannot be tin* photorecejrtor 
substances in the photomorphogenetic resjjonsc. 

Various workers are now studying photoresponses in many sp('cies of fungi, a 
particularly active field being the study of phototropism in Phycomyces and Piloholtis. 
Results obtained by a variety of methods seem to exclude the possibility of a caro- 
tenoid photoreceptor and to indicate flavins as a possible, and perhaps the only, 
photoreceptor for phototropic and photomor])hogenctic respon.scs to visible light in 
fungi. Photomorphogenetic effects confined to U.V. wavelengths are limited to a few 
species such as Fusarium oxysporim-; here the possibility of a ptcridine photoreceptor 
requires investigation. 

The role of carotenoid pigments in fungi remains un.solved. Carotenoids, as indicated 
above, arc commonly abundant in photosensitive organs and are often light-induced. 
It has been shown in several species of bacteria that carotenoids protect the organism 
from damage by intense light, although the mechanism of the effect is imperfectly 
understood. It seems possible that the fungal carotenoids have a similar function. 

Department of Botany, M. J. Carlile 

University of Bristol, Bristol (Great Britain) 


* M. J. C/vRLiLE, J. Gen. Microbiol., 14 (1956) 643. 

* M. J. Carlile and j. Friend, Nature, 178 {1956) 369. 



567 


Photochemical conversion of protochlorophyll to chlorophyll-o 

In dark-grown seedlings of wheat tlu synthesis of chlorophyll-^ cannot be completed 
without a supply of light-energy. One of the last steps in the biosynthesis of chloro- 
phyll-^* is the reduction of protochlorophyll to chlorophyll-^. In wheat and most other 
higher plants this process recpiires light. 

Previous studies of this photochemical process havt' shown that the rate of this 
reaction follows the course of a second-order reaction witli n^spect to concentration of 
protochlorophyll. I his fact has led to the assumption that the conversion of proto- 
chlorophyll is not strictly a photochemical process. It has been propo.sed that the 
reaction might be bimolccular and that some en/.vinatic redactions could be involved. 
In most of the experiments on this process, long periods of illumination an* used, often 
up to sevcTal minutes. Now, if considerable time elap.ses between the beginning of 
illumination and the extraction, some enzymatic reactioi > might take place unnoticed. 

In my experiments I have tried to shorten the illumination timt*. I found that when 
the light intensity is sufficientlv high it is possible to transform 40-5o‘\', of the initial 
iimonnt oi protodilorophyll in wheat leaves to chlorophyll-a using an illumination 
time of 1/2,000 sec. Fig. i shows .somt* results with etiolated wheat leaves illuminated 



for 1/2,000 sec with a photographers flash-lamp. Percent conversion of protochlorophyll 
is plotted against relative light inteirsity. It is .seen that conversion increases with 
increasing light intensity in spite of the fact that the highest intensity is of an order of 
magnitude 20,000 timers full dayliglit. The curve repre.si nts calculated values for a 
second-order reaction. This reaction goes on without any light-induced loss of pigments. 

The next step was to shorten the time between illumination and extraction. 
Grinding the leaves in a mortar will — compared with time for illumination — take a 
very long time. I therefore tried to carrj out the experimenL with chloroplasts sus- 
pended in a buffer-solution. Dark-grown wheat plants were disintegrated in a buffer- 
solution (pH 7.2) containing 0 z M saccharose. After filtration through cotton wool 
the cell-free filtrate was centrifuged for 10 min in a refrigerated centrifuge at i5»ooo 

3 .nd the precipitate was resuspended in fresh buffer-solution. This treatment took 
place in very faint green light, and the temperature was kept at about 3“4 • Treated 
in this manner the chloroplasts retain their ability to transform protochlorophyll into 
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chlorophyll-« under illumination, just as in intact leaves. When the chloroplasts ;< c 
in suspension it is possible to use a flow-method for the conversion-process. 

Fig. 2 is a diagram of the experimental arrangement used. By pressing down 
pistons simultaneously the chloroplast suspension is forced through a narrow du« t. 
When pas-sing by the slit the photochemical reaction takes place, and when the.sus 
pension is mixed with acetone the holochrome is destroyed and the pigments extracte. I, 
By keeping the flow-rate constant, the duration of exjwsure can be varied by 
means of the slit. The dark-period between illumination and extraction can be varied 
from zero to a few sec by varying the distance between the slit and the inlet of acetont'. 
The extracted pigments were transferred into ether and measured spectrophotoniet • 
rically. 



Fig. 3 shows the measurements of two samples. Circles represent optical densities 
of an extract of non -illuminated chloroplasts. There are two peaks on the curve. One; 
at 571 nm and another at 624 nm — this curve is characteristic for protochlorophyll. 
An identical sample was illuminated in the arrangement shown in Fig. 2. The flow- 
rate and the slit-width were adjusted to give an exposure-time of 0.04 sec, and there 
was no dark-period between illumination and extraction. 'Phe optical densities of this 
sample are indicated by dots. There is a decrease at 571 and 624 nm and a new |x;ak 
at 663 nm representing the formation of chlorophyll-w. In this experiment about 20% 
of the initial amount of protochlorophyll is transfonned to chlorophyll-* without loss 
of pigments. I was not able to demonstrate the presence of any dark-reactions by 
varying the length of the dark-period between illumination and er^traction. Here it 
must be jrointed out that the formation of chlorophyll-* is measured only as light 
absorption in ether-extracts. 

These expreriments give no explanation of the fact that the conversion seems on 
other evidence to be a second -order process rather than a first-order photochemical 
reaction. I have therefore tri<;d to formulate another explanation. As it is a well- 
established fact that only the light that is absorbed by protochlorophyll is effective, 
we can consider the supply of energy (f'abs) to be 2>roportional to the decreasing 
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concentration of protochlorophyll (c), i.e., A'aus -- ck\. If we then assume the rate of 
«'on^'ersion to be proportional to concentration and proportional to the supply of 
energy we have dr/d/- - c-k^. This is the formula for a second-order reaction, and 

})ossibly an e.xplaiiation of the experimental facts. 

Royal Veterinary and AgriniUural College, Axel Madsen 

Copenhagen ( Denmark) 


Some photochemical properties of phytochrome 

The pigment which mediates the elfects of re<l and far-red radiation on plant d(*velop- 
inent has been measured speetrophotomotrically in intact plant tissue h Absorption 
spectra of plant material showed the presence* of a pigment which eixisted in two forms, 
one- absejrbing maximally at bbo m/i, the edlie-r at 7^0 m/i. Absorption of light by 
e-ithe'r form causeel its transformation to the- other fe)r riie- agreeme-nt be'tw'eion the 
;ibsori)tion spee:tra anel the action sj)e'ctra of the varienis red-far-re-el ce)ntrolle>el re- 
spemses le-ft no doubt as to the functional ielentity of this pigment. The- pigment, which 
has betlj named phytoe;hroine-, has be-en extracted from the plant with e'-omfdede 
photoreversibility belwee-n forms. No inelication e)f a eo-facteir re'epiireme'iit for tins 

hhii mu 

l\m' ... - Pim (0 

730 mfi 

reaction has brm found. J^hylochrome has Ix^en dete('tetl by its n»V(M*sibIe photoreae- 
tion in a wide variet\' of plant tissues. 'N'oun^, dark-grown seedling plants appear to 
be the riclu'st sources. It can be extrac ted in alkaline huff(*r, and partially purified by 
ammonium sulfate pn^eipitation at saturation. PIr/toehrome is a soluble protein 
which stays in solution when centrifuged at 173,000 g foi : h. A diffenMice spectrum of 
such a solution (Fig. i) demonstratc's the photoreversibK reaction of (xjn. r. Tins was 
obtained using a commercial double-beam recording .snectrophotorneter by irradiatijig 



the I cm sanvplc in the measuring beam with far-red light, and that in the reference 
beam with red light. The sub.sequent irradiation of either the sample cuvette with red 
or the reference cuvette with far-red restored the difference spectrum to the base line. 
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No differences are detectable from 320 to 550 m/t. The difference spectrum at longe; 
wavelengths agrees well with the difference spectrum obtained in vivoK 

A more convenient instrument for detecting ph5^ochrome is the bichromatic 
difference spectrophotometer, which measures the optical density differences between 
two fixed wavelenghts selected by interference filters. In the usual assay, wavelenghts 
of 650 and 730 m/u are used. The intensity of the beams is reduced to prevent them 
from energising the reaction. The optical density difference between 650 and 730 nift 
is measured after irradiation with a red actinic source (600 < A < 700) and again 
after irradiation with a far-red source (A > 720 m^). The change in the optical density 
difference (referred to as id [A OD) ) is a measure of the sum of Pmo and P730. 

The two forms can be studied independently of one another by setting the bichro- 
matic spectrophotometer to measure the optical density difference between 650 and 
800 m/t, or 730 and 800 m/t. The full intensity of the monochromatic beams at 650 and 
730 m/t is sufficient to energise the photoreaction. Tliis permits the spectrophoto- 
meter to follow the kinetics of the photoconversion as it occurs. Fig. 2 shows the time 



course of the optical density difference between 650 and 800 m/t as the spectro- 
photometer irradiates a clear solution of phytochrome. The solution had been 
irradiated with far-red light initially to put the phytochrome entirely in the Peeo 
form. The similar curve for the optical denr-ity difference between 730 and 800 m/t 
when the solution started in the P-m form is also shown in Fig. 2. The semi-logarithmic 
plots in the insert establish first-order kinetics for both directions of the reversible 
photoreaction. 

The rate equation for the reaction of eqn. i under monochromatic illumination is: 

dPfteo 

2.3 — = — Ceeo;^ 9^060;^ i’eeo •{- JP730 (2) 
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This integrates to. 1 

log (P.W - + c (3) 

-^^73000 

Ex monochromatic radiation of energy H at A (lunstcin/cms/sec.) 

Pafio mole-fraction present at time / 

mole fractiem at / co (:.inno for oo) 
extinction coefficient at Pouo at A (cm^/mole to the base lo) 
reooA quantum yield of P73„ at A (moles/ Kinst('in) 

C constant of integration -= log (P««o /^scooo) at / ^ o 

A similar equation can be written for Pvao. The product of tlie extinction coefficient 
and the equation yield can be determined for both /’oeo and P730 at any wavelength 
from the first-order rate constant K, 

/fflso — y»<”A ^ 

P730C0 P»moo 

if the energy of monochromatic radiation and the steady-state mixture are known. 
A clear solution of phytochrome was irradiated witli a uniform field of monochromatic 
light of known energy from a large sjjcctrograph. At bbo m/i (eeoo > e 730 and 
/^sooo - jrVj '>•10 Einsteins/cm^/st'c converted Iialf the Peco in 19 sec. Calculation 
shows that: 


enm fpBm ■= 2.2 X 10^ (A — 660111/1) 
similarly a measurement at 730 m/i established that: 

6780 ^730 =■• 0.55 X 10’ (A = 730 m/*) 

The optical density measurements .show the extinction coefficients of Poao and P730 
arc api)roximatcly equal at their peaks, therefore 

^0«0 — 4 ^730 

Siiici! the quantum yield must be less than or cqiml to ui ity a minimum value of the 
extinction coefficient can be calculated. Expressed in terms of the molar extinction 
coefficient, a 

i 

fXmax — Fmux ---- 2.2 X lo* litcr/moJf»/cm 

1000 

for both Peeo and P730. 

Instrumentation Research Laboratory, Wakken L. Butler 

IJ.S, Department of Agriculture, Beltsville, Md, fU.S.A.) 

I \V. L. Butler, K. H. Norris, H. W. Sie(U.*-man and S. B. Hendricks, Proc. Natl. Acad. 
Sci. U.S., 45 (1959) 1703. 
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The iridophores of the sea urchin Dladema antlllarum Philippi 

The troj)ical sea urchin IHadenui is n^markably sensitive to light, fhe receptors lie in 
the nervous system, much of which spreads in the skin immediately below the surface' 
epithelium. Consequently, the whole surface is photosensitiv e. To a degree it re.sembles 
an extensive retina, in having not only receptors but also a nervous layer in whi(*Ii 
interaction between excitation and inhibition may occur' . The parallel may be extended 
further in that extensive movements of screening pigment take place, producing:; 
chiinges not only in colour but also in sensitivity, and there are eh'ments in the skin 
which recall a tapetum serving to reflect light over the surface*. The light reflec ted is 
blue and the animal is most sensitive between 455 and 460 m/^. 

These reflecting elements, or iridophores, are our main concern here and, appearing 
as bright blue spots, they contribute significantly to the striking colour and colour 
change. The skin embodies black and red chroma tophores containing respectively a 
melanin and naphthaquinone pigment resembling echinochrome A. In the darkness 
the melanin concentrates, leaving a white pattern in the form of a ring around the 
periproct from which in each inter-radius a white line pass(*s jHTipherally to bifurcate 
near the ambitus. When illuminated, at first tin* edges of thi* white line;.*-' n*fl('ct a 
brilliant bluish lilac, due to the iridophores arrayed along the margins. Later, as the 
melanophores dispense their pigment beneath the iridophorc's, the purity of the blue 
increases and eventually the white areas are obliterated. 

The blue spots have been described as eyes in the allied species-i). sdositm and this 
view has been widely accept(*d. There is no evidence for this, and some years ago I 
showed that in 1). antillarnm these .structures were not eyes but iridophores‘“. 

The structure of these organs in I), setosiim has been de.scribed by Sarasin and Sara- 
sin^, who interpreted their features as those of complex photorei:eptors with cornea, 
lens, retina, etc. Mortensen^ seems to have been confused, accepting the vii*vv that 
they were eyes, describing their contents as fibrillae wound up like a ball, but figuring 
them as a hyaline ma.ss! 

By micro-di.sst^ction we find them to consist of a tough fibrous capsule containing 
a gel arranged as laminae folded in a variety of ways. The contents can be expelhid 
en masse, or as globules which “.set” in sea water to form layers that eventually 
disintegrate into rod-like bodies, leaving behind in the capsule what appears to be a 
mass of fibrils. The expelled gel reflects a brilliant blue light. There are no signs of the 
crystals so often associated with iridophore.s. 

Fixed preparations .show a bewildering variety of appearances.! After ('hampy, 
which preserves most faithfully, the contents of the iridophores are seen to form plates 
about i.o /i wide, consi.sting of a hyaline core about 0.3 // acro.ss enclosed by a 
sheath of about the same thickness. The plates extend acro.ss the iridophore, but they 
are folded in various ways and fitted together to form elaborate .systems. 

The cause of the existing confusion becomes evident when the effect of other fixa- 
tives is studied, for they cause the plates to swell and their sheaths disintegrate to 
form a tangled mass recalling the condition described by Mortensen, so that the fibrous 
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mass he mentions appears to be the disorganised remains of the sheaths. Further 
action of fixatives di.ssolves the remains of the sheaths, leaving the hyaline contents 
which Mortensen figured. 

Their colour is not produced by pigment, because the iridophores do not appreciably 
absorb light between 550 and 700 ixifi. Neither is it produced by fluorescence, for they 
are invisible in ultra-violet light. R.efraction is not the cause', for the* colour does not 
change with the angle of the incident light. Despite the suggestively regular arrange- 
ment of the plates, interferenct' or diffraction does not seem to be significantly involved 
because altering the spacing of the plates by stn^tching or compression docs not alter 
the colour, neitlu'r does rotating the incident beam through angles as gn'at as 35®. 

Scattering si'cnis to be the most likc'ly source of colour. The obv ious preponderance 
and the intensity of the n‘flect('d blue, togtdher with the slightly yellowish appearance 
of iridophores viewed by transmitted light and the fact that light reflected from them 
is polarised, supports this view. The intensity of the blueness in .such small structures 
sugg(‘sts Rayleigh scattering. 

nel>artnmit of Zooloijy, Bedford Colhxe, 
rniversity of London (dreat Britain) 

> N. Mii.r.oT'i ANO M. \'()snii)\, /. /ir/V/. Jttn/., 37 (i<)Of#) 

N. 171 973 

P. 15. Sakasin and C. I*'. Sarasin, Erfieh Xatimv. hoisrh. auf Ceylon, i (iiSS 7 ) i, \Vit*sl)ci(U'n. 

‘ r. Mortk.nsk.n, .1 Monograph of the liilunoidca. Ill, 1 . (‘. A. Krilzrl, (‘npiMihaK<‘n, 


Norman Mii.lott 
Hrknj)a M. Manly* 


An action spectrum for the inactivation of infectious nucleic acid from 
tobacco mosaic virus by ultraviolet light** 


riie action spectra for a number of l)iological changes induced by ultrav iolet light 
implicate the nucleic acids as the primary absorbers t/i ultraviolet light. It then*fore 
seemed desirable to sec; if the action spectrum for tlu' h. activation of a biologically 
activ'e nucleic acid (KNA) parallels the absorption spc'ctrum. KNA from tobacco 
m(jsaic v irus (TM V) is easily available in a highly purifi».(l state. It exhibits the phenom- 
enon of partial photoreactiv ation ; in the following only the (piantum yield data for 
the inactivation without phot oread iv'at ion will be utili/(*iP. I'he comparison we wi.sh 
to make is outlined as follows: 'Hie fundamental equation for inactivation of UNA is* 


where 0 is tlui quantum yield, ('0 is tht^ initial concentration, and C is the conctmtra- 
tion of aclivT RN A after an irradiation time t wif h an intensitv of light /o. The absorbed 
intensity, for a jjath length of one cenumeter of solution is /«&«. If tin* .solution is 
very dilute, we may write 

Co In CofC 2.3 log CojC 

0 - -- - ( 2 ) 
lo F Co t to h I 

' ♦ Present address: Dept, of ZooloKy, I'niversity of Birmingham. 

♦* 'J'his work was siipr 'rted in part by the T.S. .Atomic Energy Commission contract A'I'( i i-i )-34, 
Project No. 22, Photochemistry of Proteins XXII. 


References p. 575 



574 


A. D. MCLAREN, I. MORING-CLAESSON 


where e is the molecular extinction coefficient of RNA. Equation (2) is the well knov. 1 
equation of Warburg and Negelein. The extinction coefficient for unit path length ;s 
also given by 

log loll 

^ “ “cT" 

Equating (2) and (3) we obtain 


, io<P t Eo^ X 

log Co/C = — log loll jr-rfT ^^ ^<>11 (4) 

2.3 Co 2.3 Co N/ic 

where Eo is the incident energy at wavelength A and N, h, and c are Avogadros number, 
Planck’s constant, and the velocity of light respectively. 

Let us call log Co/C the action, A . The term log hi I is the usual ab.sorbance or optical 
density, D. Clearly A is proportional to D if the quantum yield is independent of 
wavelength. In practice it is sometimes easier to measure the action at higher con- 
centrations than permitted by the limiting condition of equation (3), i.e., with 
greater than about ten percent of h- We can then .calculate 0 from equation (i) and 
if 0 is independent of concentration, equation (4) can be used to compute an action 
for an optically dilute solution at each wavelength for which 0 and I) are both knowni. 

Absorbance data for RNA® and quantum efficiencies for inactivation^ are combined 
to give the action spcictruni in Fig. i. Unfortunately for the comparison, there does 
seem to be a concentration dependence of the (juantum yiekP, but we have assumed 
that this dependence is independent of wavelength ; there is no reason to susixjct the 
contrary. As may be seen, the action spectrum and the absorption spectrum of RN.\ 
are in good agreement. 
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Fig. 1. Action and absorption spectra of infectious nucleic acid (RNA) from tobacco mosaic virus. 


We now come to the question of the influence of protein on the action spectrum of 
RNA. This may be studied by irradiation of the intact virus. Quantum yield calcula- 
tions are complicated by the necessity of correcting apparent light absorption by the 
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\'irus for light scattered by the virus. Also, in dilute solution readsorption of scattered 
light by the virus will be small, whereas in concentrated solutions, reabsorption may 
be appreciable. Neglecting the rcabsorption, for which we have no means of evaluation , 
we can correct absorbances for scattering by means of the experimental scattering 
determinations of McLaren and Takahashi® and compute quantum yields for the 
inactivation of TMV from the rate data of Rushizky ct al.^. As may be seen from 
Table I, quantum yields for TMV are not independent of wavelength and therefore 

TABLE I 

QLLVNTUM YIELDS FOR THE INACTIVATION OF TOBACCO MOSAIC VIRUS. 0 , AND FOR THK RNA INCOR- 
PORATED IN THE VIRUS, 0* 


Wavdenglh, A 

J<ate constants jot 

0 • re)» 


inactivation • 

( virus) 

{RNA in virus) 

2804 

1.8 

- 2-3 

9.3 

2O52 

3-9 

.4.0 

1 L 

^537 

4-3 

5 S 

12 

2483 

,4.0 

5-9 

*4 

2300 

pc 

12 

200 


tlu‘ v:^*'"trum can not parallel the* absorption spectrum. To find the fpiantum 

vields, 0 s for RNA incori)orat<‘(l in the virus particle, assuming that only light ab- 
sorbed b\’ the RNA moiety leads to inactivation, 0 must be correctc^d further for tin* 
fraction of tin* absorbed light absorbed by RNA. These values are also tabulated. It 
becomes cl(?ar that from 2483-2S04 A the sensitivity of RNA in the virus is fairly 
inde})(mclent of wavelength, although mucli less than that of the free RNA (devoid of 
protein), 'fhe quantum yield for free RNA varies from 3.4 • 10 ^-3.8 • 10 ® in the 
rang(‘ between 2804 and 2300 A; that is, it is essentially constant within the experi- 
mental variability of the tests. On the othi^r hand, 0 ® is much larger at 2300 A than 
in the range' of 2483-2804 A, and we suspect that tlie quantum yi(Jd calculated in 
this way is without physical meaning at 23 ?o A. In otla / words, since 0 for free RNA 
is indepi'ndent of wavelength (in the wavelength rang^ under con.sideration in this 
paper), we can conclude that the high value of 0 at 2300 A really means that the 
virus is rendered non-viable because light absorbed by both the protein and the RNA 
moieties can lead to inactivation (at 2300 A most of the light is absorbed by protein). 
The host plant can not extract active RNA from a coat of jjrotiun which has become 
denatured by U.V.-light, and therefore the quantum yield is higher tiian would be 
expected if the RNA was equally available to the plant after irradiation at any 
wavelength. This conclusion was reached in another way by Siegel and Norman^. 

College of Agriculture y University of California, A. D. McLaren 

Berkeley, Calif.(U.S,A.) Incrid Moring-Claes.son* 

1 G. \V. Rushizky, C. A. Knioht and A. D. McLaren. Virology, 12 (i960) 32. 

2 A. 1 ). McLaren and W. N. 'fAKAHASUi, Biochim. Biuphys. Acta, 32 (1959) 555. 

2 A. Siegel and A. Norman, Virology, 6 (1958) 725. 


* Permanent address. Institute for Physical Chemistry, University of Uppsala, Sweden. 
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Isolation and function of several newly discovered water-soluble 

pigments from leaves* 

A 

The presence of colored components other than the plastid pigments in breis prepared 
from leaves has always been apparent. Such yellow, green or brown substances have 
usually been considered to be decomposition products resulting from the disruption 
of cells and there has been no systematic attempt to i.solate or identify them. In the 
case of the pigments describofl in this paper, a blue-green fraction was found in prep- 
arations of the protochlorophyll holochrome from dark -grown mutant seedlings of 
Helianthm annum L.'. This water-soluble pigment was present in quantities too Inrge 
and had properties too unusual to be ignored: In alkaline solution it is green to blue 
green; it can be reduced by a.scorbic acid, hydrosulfite, borohydride, etc. with an 
accompanying color change to yellow. It is easily reoxidized by shaking in contact 
with air or by addition of hydrogen peroxide and on acidification, there is a color 
change to red (the acid-base reaction is also completely reversible but prolonged 
acidification results in precipitate formation). At all stages of purification, this 
pigment appears to be bound to protein. Provi.sionally it has been named allagochrome. 

In the course of attempts to purify the crude preparations of allagochromi' by 
electrophoresis, several additional water-soluble fractions were isolated: two yellow 
pigments (one of which has a yellow-green fluorescence when excited with U. V. light) 
and a blue fraction. These pigments have been separattxl not only from chlorophyll- 
deficient sunflower leaves but also from normal Helianthus leaves. A similar sc^ries of 
pigments has been extracted from Helianthm seeds. The occurrence of allagochrome 
(and the accompanying yellow fractions) is not restricted to Ilelianlhm and its mu- 
tants but luis also been found in chard, skunk cabbage and carrot leaves. A systematic 
survey will probably demonstrate its presence in many other plant specie's. 

MK I'HODS OF PREFAKATION 

Leav(*s were ground in glycine NaOH buffer (pH q.5, 30 ml buffer for each 10 g 
leaves) and the resulting brei filtered through several layers of cloth. The filtrate was 
centrifuged for i h at 10,000 g (o ) and the precipitate from this centrifugation 
(which contained chloroplasts, starch grains and other cellular debris) was discard(‘d. 
Acetone was added to the supernatant to by volume and this mixture w'as 
centrifuged for 15 min at 10,000 g (o‘^). Once again the precipitate was discarded and 
additional acetone was added to the supernatant until the solution became cloudy 
and a precipitate began to form. This precipitate contiuned alla^)chrome and the 
associated pigments and was separattxl from the suspending solution by centrifugation. 
Traces of chlorophyll and carotenoid impurities were removed from the precipitate by 
washing with acetone. The precipitate was dis.solved in buih'r and flirtluT purified by 
continuous-flow electrophoresis using the glycine-NaOH buffer (50 ml 0.2 M glycine 
1- 22.4 ml 0.2 M NaOH in a total volume of 200 ml) as electrolyte and an applied 
potential of 450 to 500 V. The fractions obtained from electrophoretic purification, in 
order of their appearance from left to right across the rack of collecting tubes, were : 

♦ 'I'hc work ri'porU’d in this paper was supported by a grant from tlie National Science F'oundatioii 
(NSF-G8972). 
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a colorless fraction (exhibiting a blue fluorescence when excited by U.V. light), 
a yellow fraction (with a yellow-green fluoresence iu U.V. light), a green fraction 
blending into a blue-green fraction (or a separate blue fraction in preparations from 
llclianthus seeds) and a non-fluoresrent yellow fraction. 

The acid form of allagochrome can be transferred into butanol and later recovered 
with a dilute solution of NH4OH or alkaline buffer. For a time this technique was 
used as a step in purification^. However, transfer through butanol caused appreciable, 
changes in both the absorption s|MJCtnim aiul the stability of this pigment and this 
method is therefore no longer used. 


NATURE OF THE PIGMENTS 

Although the chemical characterization of the.s(* pigments is far from complete, it is 
jjossible to make some statements about their nature based on preliminary findings. 
It is quite certain that allagochrome and the associated yellow pigments are protein 
comydexes because they have many properties commouly associated with proteins, 
c.g., electrophoretic migration, high optical densities in tlar ultraviolet (see Figs, i, 3 
and 4), precipitation by dilute .solutions of BaClo, HgCi.: and dilute mineral acids, by 
concentrations of acetone greater than 50'',, and by (N 114)3804 in concentrations 
great(;r tluvn, saturation. 



Wavelength (m/j) 

Fig. I . Al)sor])tion spectrum of a crud<' pn-p- 
aration (if allagoclin mu* from Htlunithiis 
leavus. Spoctra of both oxidized and reducetl 
forms arc; shown. The broken line is the* spt*c- 
tnim of the oxidizc'd form measured against the 
redue<*d form as solvent blank. 



iMfj;. z Absoip'ion sp(,Ttriim of eleclropho- 
retically pure .’ilaj;joehrome Irom Hiluniihus 
seeds in(*asiired against pigment reduced with 
borohydridc; as solvent blank 


Purified preparations of allagochrome have* been digested with concentratc'd sul- 
furic and nitric acids. Dithizone derivatives pn'pared from these di,t<ests have absorp- 
tion spectra cliaracteristic of copper. On the basis of crutle estimates of the molecular 
weight of this pigment by a diffusion technique it now appears that there is one copper 
atom per molecule of approximately 50,000 molecular weight. 

The striking color changes of allagochrome on oxidation or rtiduction (absorption 
spectra of th(‘ oxidized and reduced forn.. in the visible portion of the spectrum are 
shown in Fig. i) and in response to the pH of the medium indicate that the colored 
moiety of the fugmont— protein complex may be a quinone ; its red color in acid solu- 
tion sugg(‘sts an indole nucleus. The striking similarities between the color changes of 
allagochrome and those of hallachrome, a naturally occurring (luinone isolated from 
the marine polychaete, II alia parthenopea, by Mazza and Stolfi^ support this hypothesis. 

The fluorescent yellow fraction is the only other pigment in this group about which 
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it is possible at this time to make any prediction concerning chemical structure. 1 1 
absorption spectrum and the color of its fluorescence suggest that it may be a flavc 



Waveiength (mfj) 

Fig. 3. Absorption spectra of three ytillow frac- 
tions obtained by continuous- flow electropho- 
resis from crude extracts of Helianthus seeds. 



Fig. 4. Comparison of absorption spectra of 
flavin mononucleotide and yellow fluorescent 
fraction from Hdiunthus leaves. 


protein. Fig. 4 compares the absorption spectrum of an clcetrophorotically pure prep- 
aration of this pigment with that of a dilute solution of fla\ in mononucleotide. 

Although the pigments prepared from Helianthus sced.s art quite similar to tho.se 
prepared from leaves, their molecular size appears to be smaller (relatively .smaller 
optical densities in the ultraviolet). Also, two additional non-fluorescent yellow frac- 
tions appear on electrophoretic separation. There is a very -slow conversion of these 
two fractions to green and blue-green forms. Fig. 3 .shows the absorption spectra oi 
three of the yellow fractions collected during the eleclrophondic separation of suii- 
flower .seed extracts. The .similarity of their absorption spectra to the pattern observed 
when the spectrum of an oxidized preparation of seed allagochrome is measured 
against the reduced form of this pigment as a soh’ent blank .should be noted (Fig. 2). 


PHYSIOLOGICAL FUNCTIONS 

At this time there is experimental evidence to support hypotheses concerning physio- 
logical function for only one of the. pigments described in this paper, i.e., the green 
pigment allagochrome. The ease and reversibility of oxidation and reduction of this 
pigment suggest that it may participate in the hydrogen or electron transfer systems 
of either respiration or photosynthesis. 

Hill and Walker^ have reported a stimuLation of rates of photosynthetic phosphoryl- 
ation by pyocyanine and they concluded that the previously known activity of 
phenazine methosulfate in phosphorylating systems is due to its rapid conversion 
to pyocyanine in the light. Preliminary experiments indicate that allagochrome can 
activate photosynthetic phosphorylation by spinach chloroplasts. It is po.ssiblc that 
this pigment is a naturally occurring counterpart of pyocyanine in phosphorylating 
systems tn vivo. Unlike pyocyanine, allagochrome acts only in the presence of oxygen 
and catalyzes an oxidative or non-cydic photophosphorylation. 

More evidence exists concerning the involvement of allagochrome in the hydrogen 
transport system of respiration, specifically as a terminal oxidase. Addition of allago- 
chrome to a suspension of aerobically cultured yeast caused some acceleration of 
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respiratory oxygen uptake (30 to 40%). More significant, however, was the observa- 
tion that when rates of oxygen uptake had first been inhibited with cyanide, there was 



Fig. 5. Relative rates of oxygen uptake after 
addition of varied amounts of allagoclirome to 
yt'ast’suspensions inliibitedVith i ^moles KCN. 
X'esscl contents: i ml yeast suspension (O.D. 
-- I at 525 m/i) in 0.5% buffered sucrose (A// 15 
phosphate buffer, pn 7.5), 2 juiM KCN, o to 8 mg 
allagochrome, 0.2 ml 10% KOil in center well. 
U»tal volume: 3 ml. Control rate was- 0.60 /d 
^ /!).'/inin per vessel. 


Fig. 6. Comparison of effects of cyanide on 
rates of respiratory oxygen uptake of yeast and 
sunflower leaves. Vessel contents (Helianthus 
leaves): leaf discs (0.5 cm in diameter, fresh 
\vt. approx. 200 mg) suspended in water plus 
otoSfiM KCN. 0.2 ml 10% KOII in center well. 
Total vol. : 3 ml. Control rate was --0.53 ^1 O2 
per min per 100 mg fresh wt. Vessel contents 
(yeast) : 3 ml yeast .suspension (concentration 
and suspiniding medium as for Fig. 5), o to 2 jliM 
KCN. 0.2 ml To% KOll in center well. Total 
volume: 4 ml. Control rate was — i.q 6 ^l 
02/min per vessel. 


a complete reversal of inhibition and even stimulation over control rates if sufficient 
})igment was added (Fig. 5). It thus app)eared that allagochrome could substitute for 
the cyanide-inhibited cytochrome oxidase. The resi)iration of sunflower leaves (the 
.source of allagochrome) was found to be exceedingly resistent to cyanide poisoning. 
Leaf discs suspended in .solutions of cyanide up to four times the concentration 
.sufficient to reduce yeast respiration to a level about one-third that of the controls 
showed no inhibition of oxygen uptake (Fig. 6). It has also been shown sf>ectrophoto- 
metrically that allagochrome is able to oxidize reduced cytochrome c and that its 
ability to mediate this oxidation is not inhibited by cyanide. These observations sup- 
port the hypotiicsis that allagochrome may be a terminal oxidase of sunflower leaf 
respiration. It may indeed be the cyanide-resistent terminal oxidase which apparently 
is present in many plant tissues^*®. If this is the oa.se, then one would predict that those 
plant tissues in which a major portion of respiratory oxygen uptake is insensitive to 
cyanide should contain allagochrome or a closely related pigment. This prediction 
certainly holds true for mature carrot leaves which have been found to be an excellent 
source of allagochrome. 
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DNA content and U.V.-resistance of Laetobaeillus lekhmannil 

The main part of the investigation to be communicated here was accomplished to- 
gether with Dr. A. Wacker^-®, now in Frankfurt/Main. Wacker et al.^ found that the 
content of deoxyribonucleic acid (DNA) in loo mg of dried cells of I.h. leichmannii 313 



decreased from more than 2 mg to less than t mg, if the growth substance vitamin 
Bia was replaced by a deox5mboside in the nutrient medium. The inactivation of a 
cell by irradiation is now commonly interpreted as a lethal mutation, and the DNA is 
held to be responsible for bearing the genetical information. This induced us to in- 
vestigate the U.V. -sensitivity of these cells which are genetically homogenous but 
whose DNA content varies by a factor of almost 3. 

The cultivation of the strain and the composition of the nutrient medium have 
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already bt‘en described*. The medium is a solution of acetate buffer with vitamins to 
which are added either o.oi /Wg/ml vitamin Bi2or5/*g/mI guaninedeox5niboside (GDR). 
Starting from a stab-culture in Bia-agar, 3 inoculations were carried out in liquid 
media containing Bi2 and GDR respectively. After 22 h, the 3 cultures were washed in 
the centrifuge and then suspended in saline for irradiation. They were irradiated from 
above vertically using a mercury high pressure lamp giving mainly a wavelength of 
254 Tcifi. For the determination of the survival the bacilli were incubated according to 
the method of Fortner because of their microaerophily. In this method, one half of 
the nutrient agar in the Petri-dishes is inoculated with Senatia marcescens which con- 
.sumes the unwanted oxygen in the air-tight clo.sed dishes. Both subcultures of Lb. 
Idchmannii (grown with B12 and GDR respectively) were inoculated after irradiation 
onto agar containing B12. After incubation at 37° for 48 h the bacteria had grown to 
colonies with a diameter of 1-1.5 mm. All operations after the irradiation were carried 
out in yellow light in order to avoid po.ssiblc photoreactivation. 

Fig. I shows the results of 5 exix.*riments. It is distinctly seen that the U.V.- 
resistance of cells possessing more DNA is higher. Both curves, however, arc of single 
hit type. The factor of dose reduction is equal to 1.4. We six; that a purely nutritive 
j)hvsiologically induced difference in the DNA content is followed by a quantitatively 
different U.V.-resistance of the cells. 

Before atteTnpting to interpret these facts it is necessary to ask whether differences 
in RNA contiiiit also exert some influence. Wacker ei uL^ have, however, already 
demonstrated that the cells of IJ), leichmannii contain the same .amount of RNA 
whether grown in the presence or in the absence of B12. This finding eliminates RNA 
from th(' discussion. 

A genetical interpretation of U.V. -inactivation (which was applied by Stein and 
Laskowski«“’ with some success to their interesting investigations in races of yeast 
with differing degrees of multiploidy) can describe the inactivation either as a recessive 
or as a dominant lethal mutation. For three reasons the increase of DNA in the cells of 
Lb, leichmannii and the increase of U.V.-resistance connected with it cannot be due to 
polyploidization. (i) It has never been found that the degree of polyploidy is depend- 
ent on the nutrition of the cell, and could be altered at will by it. (2) In the case of a 
recessive lethal mutation as an inactivating event, the polyploid cells must .show 
multiple hit curves. This is not ob.scrved (Fig. i). (3) In tlie c.ase of dominant lethal 
mutations the cells of the higher degree of polyploidy should be more sensitive. This 
is opposite to the observation (Fig. i). 

Wacker et al,^ found that in their attempts to incorporate 5-bromouracil into the 
DNA of some bacteria, they were not able to replace all thymine, but, for instance in 
Enterococcus Stei, at best 70%. This suggested to them that some bacterial strains 
might contain two kinds of DNA, a genetical one into which no 5-bromouracil can be 
incorporated, and a nongenetical one in which thymine can be replaced by 5-bro- 
mouracil. 

This concept of a reserve-DNA might well help to explain the findings demonstrated 
here. We have only to suppose that the cells grown with GDR contain either very 
little or no reserve-DNA. This would mean that the GDR-cells were showing the true 
U.V.-sensitivitj' of Lb. leichmannii. The cells grown with vitamin B12 however, 
apparently possess some reserve-DNA. The quanta of U.V. absorbed by this reserve- 
DNA do not disturb the viability of the cell at all. This readily explains the observa- 
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tion that for the same inactivation, a higher dosis is required for cells with more DN ' 
than in those with less DNA. 

At the moment nothing is known about the distribution of these two components o 
DNA, the assumed reserve-DNA and that with genetical information. Can the reserve 
DNA carry the same genetical information as the other, so that at least a part of tiie. 
genome exists in a polyploid state? This has already been shown to be unlikely since 
for the explanation mentioned above it is necessary to suppose that the reserve-DNA 
does not carry genetical information. 

Thi.s leads to a further consequence. In the light of our present knowledge of the 
structure of DNA, "informationlessness” probably results from a regular sequence of 
the side bases involved (thymine, adenine, guanine, cytosine) e.g. TATATA . . . But 
it is very difficult to imagine how this "informationless” reserve-DNA could trans- 
form itself or could be transformed by metabolism of the cell into the structure with 
information, by alteration of the sequtince of bases, when the prototype had been 
damaged or destroyed by absorption of U.V.-quanta. In other words, it is unlikely 
that the reserve DNA exerts a restoring function • - it is more likely that it acts as a 
protective substance by absorbing damaging U.V.-quanta. 

The situation has become a little more complicated as a result of our latest experi- 
ments with photoreactivation (PHTR). We used the whole spectrum of a high pres- 
sure mercury lamp filtered through 8 mm window-glass. Immediately after U.V.- 
irradiation the bacteria on the Bi2-containing acetate- -agar were irradiated for 2 h at a 
distance of 63 cm. 

We found no PHTR at the first steep part of the .survival curve for cells grown 
with GDR (Fig. i), but a reactivation by an average factor of 2 for cells grown with 
Bi 2 in both parts of the curve. (The reason for PHTR of cells grown with GDR in the 
flatter part of the survival curve, Fig. i, cannot be discussed hereof We have not yet 
applied the optimal wavelengths for PHTR of Lb. leichmannii. If this were done, one 
could expect a much greater PHTR than wns found in the ])resent work. 

The existence of PHTR in cells with a great deal of reserve-DNA and its absence in 
those with less or without reserve-DNA, tends to support the idea of the restoring 
function of reserve-DNA, an idea which Ims been shown to be unlikely above. 

Clearly, further experiments are required before the matter can be settled. 

The author is greatly indebted to Mr. E. R. Lochmann, Berlin, for supplying him with 
nutrient media. 
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Photometabolism of benzoic acid by Athlorhodaceae* 

In nonsulfur photosynthetk’ bacteria, liglit-dependent carbon dioxide reduction is 
linked to the oxidation of organic substrates. The substrate can be metabolized either 
photosynthetically under anaerobic conditions, or heterotrophically in darkness with 
molecular oxygen serving as the. hydrogen acceptor. When these organisms are illu- 
minated in the ab,sence of substrate, measurements of redox potentials provide evi- 
dence that oxidizing substances are formed^-^, but molecular oxygen cannot be de- 
tected®. The apparent equivalence of light and oxygen for substrate utilization suggests 
that the oxidant generated by the photochemical niaction can function like molecular 
oxygen. To test th<; validity of this suggestion, we can determine if photosynthetic 
bact(‘ria can oxidize aromatic substrates such as benzoic acid. 

Pre\’ious investigations'* ha\'e shown that the primary attack on the aromatic 
nucleus by bacterial enzymes involves the simultaneous introduction of two hydroxyl 
gioups. If jxToxidation or some other o.xygen-requiring mechanism is the first step in 
the microbiological cleavage of aromatic carbon-c.arbon bonds, then the photo- 
iiK'tabolism of compounds such as benzoic acid under strictly anaerobic conditions 
may be a useful measure of the oxidizing power gen(*rated by tlic pliotochcmical 
reat'tion in bacterial photosynthesis. 

'Po didermine if benzoic acid or other aromatic compounds could serve as organic 
substrates for anaerobic photosynth(‘sis, elective cultures were designed to select for 
nonsulfur photosynthetic bacteria. In these experiments, the aromatic compound 
was suj)])lied a.s the .sole substrate in a mineral medium supplemented with trace 
(luantities of B vitamins to .satisfy the growth factor recpiirements of the auxotrophic 
Athiorhodaccac^. (ilass-stoppered bottles completely filli‘d with the synthetic medium 
were inoculated with samples of mud and exposed to continuous light at 28-30^. 
From such eli*ctive cultures, several strains of purple bactciia with tlie characteristics 
of the genus Rhodo pseudomonas were isolated. VVIk'ii representative species of Athio- 
rhodaccac from the culture collection at Hopkins Marine Station were tested, strains of 
R. palustris, R, capsitlaius, R. spheroides, and A\ gclatinosa as well as Rhodospirillum 
rtihriim were found to grow well anaerobically in the light with benzoate as substrate. 
Thus the ability to utilize benzoic acid as a substrate during anaerobic photosyn- 
thesis appears to be widespread among the Athiorhodaceae. 

In the following growth and rnanometric experinumts, Rhodopsendomanas palustris 
was used .'is experimental obj(*ct. (irowth experiments were carried out in illuminated 
glass-stoppered bottles as described previously. Increase in cell number measured as 
optical density or dry weight of cells was found to bi; proportional to the concen- 
tration of substrate provided. When acetate* was compared with benzoate as a sub- 
strate for R. palustnSy the total yield per mg substrate with benzoate was found to be 
roughly three times that of acetate (Fig. i). 

• Portions of this work were supported by a postdoctoral fellowship from the American Cancer 
Society while the author was at Hopkins Marine Station of Standard University, Pacific Grove, 
California. 
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Much of the evidence for the intermediary metabolism of substituted aroniaii. 
compounds in bacteria has come from the application of the simultaneous adaptatio: 
technique®. By analog}' with non-photosynthetic bacteria, the enzymes operating ii; 
the oxidative pathway of aromatic compounds in Athiorhodaccae should be inducible. 
If benzoate is oxidized by way of a dihydroxy intermediate, then benzoate-grown 
cells should attack catechol or protocatechuic acid without an adaptation period. 
Wlien oxygen consumption was measured manometrically, in dark experiments. 




Fig. i. Total yield of Rhodopseudomonm pa- Fig. 2. Dark oxidation of aromatic coin- 

lusiris cells as a function of concentration of pounds by benzoato-grVtwn cells of lihodo- 

substrato, anaerobically cultivated in light. pseudomonas palnstris. 

resting cells of R. palnstris that had been adapted to grow on benzoate were found to 
oxidize benzoate and catechol at the same rate ; protocatechuic acid was attacked only 
after a period of adaptation. In contrast to the dihydroxy compounds, /i-hydroxy- 
benzoate was not oxidized by benzoate-adapted cells during the course of short term 
manometric experiments (Fig. 2). It s« -'ms logical to conclude that the dihydroxy- 
substituted compound catechol lies on the oxidation path of benzoate, but that the 
mono-hydroxy compound does not. We caiinot say with certainty that the pathway 
of benzoate oxi<lation in R. palnstris follows ihe scheme proposed by Stanier^. Never- 
theless, the apparent involvement of a dihydroxy- rather than a raono-hydroxy- 
substituted compound as an intermediate argues in favor of a reaction mechanism in 
which two hydroxyl groups arc simultaneously introduced into the bcpzene nucleus. 

On comparative biochemical grounds, the oxidation of organic substrates by a 
photochemical oxidant is analogous to the non -photosynthetic oxidation of hydrogen 
donors by an inorganic source of “bound oxygen”. Since the reduction of nitrate is 
essentially the use of “bound oxygen” as hydrogen acceptor, it might be expected that 
the oxidation of benzoate would proceed under anaerobic conditions in the presence 
of nitrate as inorganic oxidant. Enrichment experiments for denitrifying organisms 
utilizing benzoate as hydrogen donor have yielded bacteria that reduce nitrate to 
nitrogen concomitant with the oxidation of the aromatic hydrogen donor. 
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'['he general equation for the microbiological formation of methane shows certain 
similarities to carbon dioxide reduction reactions in photosynthesis and suggests that 
carbonate may serve as an hydrogen acceptor for the anaerobic oxidation of aromatic 
, ompounds such as benzoate. In enrichment cultures from sewage sludge, high yields 
of methane were obtained with benzoate as substrate*^. 

By analogy with nitrate and carbonate, one can envisage an anaerobic oxidation 
of aromatic substrates by organisms utilizing sulfate as an ultimate hydrogen accep- 
tor ; however, elective cultures for sulfate-reducing micro-organisms with such capabil- 
ities have thus far been negative (see Note added in Proof). 

In essence, the utilization of benzoic acid by photosynthctic bacteria under anaero- 
bic conditions seems to parallel the anaerobic oxidations dependent upon a bound 
form of oxygen as hydrogen acceptor. This suggests that the oxidant generated by the 
photochemical reaction may be a bound form of oxygen of sufficient positive potential 
to function in reactions normally requiring molecular oxygen as obligatory oxidant. 
Like nitrate, the jihotochemical oxidant may require the participation of a metallo- 
enzyme of the oxidase type in order to function as hydrogen acceptor. It is also 
reasonable to assume that in the absence of inorganic oxidants such as nitrate, the 
photochemical oxidant is dt*rived from water. 
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Sole added in proof : Recent experiments in collalKjration with l>r. Kjell Fimhjellen at the Institute 
of Biochemistry, Norwegian Technical University. Trondheim, have shown that u-phthalic acid 
can serve as sole carbon source for sulfate-reducing bacteria. Cultures of Desidfovibrio isolated 
from soil at Trondheim metabolize phthalate under strictly anaerobic conditions with sulfate as 
inorganic oxidant. Analysis of Desulfovibrio cultures grown on phthalate indicate that the reduc- 
tion of sulfjitc to sulfide is accompanied by an incomplete oxidation of phthalic to acetic acid. 
If the metabolism of phthalic acid by sulfate-reducing bacteria proceeds vta a dihydroxy inter- 
mediate as in the soil bacteria reported by Ribbons and Evans {Biochem. 7b (i960) 310), then 
it would provide additional comparative biochemical support of the postulate that the photo- 
chemical oxidant corresponds in function to the inorganic hydrogen acceptor of non -photosynthctic 
anaerobes. 
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Kinetics of a stepwise photoxidation of ascorbic acid by a nnanganese- 

flavin-catalase system 

The photochemistry of chloroplast preparations has become an extensive branch of 
research in photosynthesis. As more substrates, activators, catalysts and co-enzymes 
are added to reaction mixtures containing chloroplasts, it becomes increasingly diffi- 
cult to interpret correctly the reactions in such mixtures under the influence of light. 
Any explanation would become simpler if similar reactions could be oKserved under 
conditions whore some of the more complex constituents of the mixture could be 
omitted --for instance the chloroplasts themselves. Flavin, ascorbic acid, manganous 
ion and heme-protein are some of the substances which have been assigned special 
roles in the photochemistry' of chloroplasts; flavin and ascorbic acid in photophos- 
phorylation, manganese and cytochromes in the photochemical evolution of oxygen. 
Free oxygen on the other hand is known to be reduced to hydrogen peroxide (and 



Fig. I. ■Representative time courses of the 
three steps of photoxidation of ascorbic 
acid at low and high FMN concentrations. 
A higher concentration shortens the time 
needed for completion of each step. Note 
the arbitrarj' determination of “pause" 
time as time Ijctwcen linear rates of oxygen 
uptake in the first and third steps. Vessel 
contents; o.i or 0.6 micromoles FMN, .j 
micromoles a.scorbic acid, 4 mg catalase, 
0.1 cc. 50% ethanol, 4 micromoles Mn''+, 
buffer to 4 ml. 
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xperiment. We can distinguish at least three different phases which neatly follow 
,nic another. 

The photosensitivity of flavins has been known since the time they were first iso- 
lated. A photoxidation of ascorbic acid by flavins to the level of dehydroascorbic acid 
was described long ago^-fl. What is new in our exptiriments is the sudden uptake of a 
second equivalent of oxygen under continued illumination provided that manganous 
ions and catala.se are present. The two oxidative steps are separated by an inter- 
mediate reaction, which, under our conditions, is also light dependent and runs to 
completion before the uptake of the second equivalent of oxygen begins. Tlie third 
step. i.e. the second oxygen-consuming step, is the oxidation of dehydroascorbic acid. 
All reactions and rates typical for this third phase in the curves of Fig. i could be 
duplicated when dehydroascorbic acid was used as the initial substrate. What the 
intermediate step, the “pause” without a visible gas exchange, consists of, we do not 
know. In many experiments of the same t\’pe it was never shorter than ten minutes. 
One of the final oxidation products was identified as glyoxylic acid. The other 
may (but we are not yet certain) be 2-keto-dihydroxy-butyric acid. Each of the 
successive photochemical reactions appears in turn to consist of more than one 
reaction step. 

The rate in the dark of autoxidation of the complete system was negligible and 
remained fio during illumination with red light which is not absorbed by flavin. If, 
however, in addition to the substances enumerated above, fresh chloroplasts were 
introduced into the solution, the reaction took its course in red light in the typical 
ihree step .sequence. This means that the chlorophyll in the grana can somehow be 
coupled to this completely artificial system so that red light becomes effectiv’e. 

Obviously we have to ask; How is it possible that in an homogeneous solution a 
reaction whose substrate is the product of two earlier transformations proceeds faster 
than any one of the preceding reactions, yet will not begin until these transformations 
have been practically completed? What causes at least three types of molecules, each 
of them capable of some reaction induced by the same .sensitizer (the FMN molecules), 
to wait in line until their turn comes, instead of competing freely among one another 
according to the mass action laws of chemistry? 

There are several po.s.sible hypotheses. We prefer a rather simple one and assume 
on the nwleculnr level the solution is not homogeneous. Part of the reacting 
molecules are not freely dissolved but form associations or compfc.ves strong enougA 
to determine an order of succession on the basis of specific affinities. 

It just happens that our starting material, ascorbic acid (or an early intermediate), 
dissociates more strongly than its oxidation products with that reactive flavin form 
which is uniquely responsible for anj* further photochemical transformation. This 
lond of selection must occur at least twice. Since catalase and manganous ion and 
flavin (or FMN) together are indispensable for the completion of the reaction, let us 
'■ -sume that these three produce a new molecule, a photocatalyst with quite specific 
■ ‘operties. It is important that of ah the substances in our solution, catalase, with a 
dolecular weight of 250,000, is present in the lowest molar concentration, about an 
• rder of magnitude lower at least than any of the other components. Thus we have a 
uite small but very effective fraction of bound FMN and an excess of it in the medium, 
his is the conclusion we have to draw from Fig. 2 where the rate of oxygen uptake by 
■corbie acid and dehydroascorbic acid is plotted against the increasing concentration 
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of FMN. The lower curve saturates at about lO"'* M FMN. Any light absorbed b'. 
an excess of flavin in solution is of no use for the last part of the reaction. But it cai. 
contribute, though less effectively, to the photoxidation of the initial substrati 
ascorbic acid. The bend in the rate versus pigment concentration curve for ascorbic 
acid (upper curve) comes at the same FMN concentration. 



In M/15 Mciieic Add Bufftr pH 6 jB 



Fig. 2. l)opi»ndenco of rate of phot- 
oxidation on FMN concentration, 
and on nature of buffering medium. 
Rates of photoxidation of ascorbic 
acid • Kates of photoxida- 

tion of dehydroascorbic acid O O. 
1-oft: R(*actions run in M/t5 phos- 
phate buffer, pH 6.8. Right: Reac- 
tions run in maleic buffer, 

pH 6.8. Vessel contents: o to 2.3 
micromoles FMN, 4 micromoles 
ascorbic acid, 4 mg catalase, 0.1 ml 
5«% ethanol, 4 micromoles Mn » \ 
buffer to 4 ml. 


It follows that ascorbic acid can be photoxidized by both forms, but its oxidation 
products only by the catalase complex. In our experiments the reactive centers of the 
catalase molecules become fully active and saturated when the concentration of 
flavin and MnCl 2 reaches about lO"-^ .1/ in the solution. 

The protein -catalyzed oxidation of ascorbic acid is the faster reaction of the two 
but it is limited by the relativelj^ 'small number of catalase molcgples in the vessel. 
At higher light intensities and higher pigment concentrations ihit photoxidation in 
solution may easily produce the larger effect. But unless the bulk of the ascorbic acid 
has been oxidized first, the oxidation products have little chance to find a free place at 
the catalytic centers. A true enzyme-like specificity finally appears with the third 
oxidation step which requires manganese. Thus we may say that we have here a 
.synthetic photo-metallo-flavo-protcin oxidase for dehydroascorbic acid with a sur- 
prising specificity in the combination of manganous ion with a heme-protein. How 
truly specific it is for the sub.strate we have not yet tested. The ease with which it can 
be coupled to the action of light-excited chloroplasts, or specifically inhibited by the 
action of copper ions, gives the reaction a biological interest besides that of being a 
photochemical process with rather odd reaction kinetics. 
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Untersuchungen liber Verfiirbungen von Mepacrin-, Chloroquin- und 
Phenothiazinlosungen durch UV-Strahlen* 

In Arbciten von Weis und Mitarbeitern^*^ jgt jig Bedeutung der reduzierenden Grup- 
pen der Haiit fiir die medizinisdien Lichtwirkungcn hervorgehoben worden. In erster 
Lillie liandelt es sich dabei urn fixe Sulfliydrilgruppen (Thiole) und Ascorbinsaure. Sie 
reduzieren, wenn UV-Bestrahlung erfolgt, Metall- und Metalloidverbindungen in 
verstarktem Masse, namlich bis zum Metall oder Metalloid und bringen sie in dieser 
Form in der Haut zur Ablagerung. Umwandlungen organischer Substanzen (Nitro- 
vcrbindungen) berulien dagegen nicht in jedem Fallc auf Reduktion; denn als aus- 
gcsprochene Redoxsysteme kdnnen Sulfhydrilkorpcr und Ascorbinsaure mit organi- 
schen Verbindungen auch auf andere Weise in Reaktion tretcn, zumal bei Bestrah- 
lung mit UV-Licht. 

LTm dcrartige Vorgiinge zu studicren, wurdcn die ArzneimittelMepacrin, Chloroquin 
und Phenothiazin** untersucht. Den Ldsungen oder Suspensionen dieser Stoffe 
wurden Cystein oder ontsprechend(? Mengen Glutathion oder 0.5% Ascorbin- 

saur(‘ Oder 10% Glukosc zugcsetzt. Nach Einstellung auf ein pn von 7.0 wurden sic bei 
Wasserkiililung und stiindiger Durchmischung bis zu mehrcren vStundcn dcr Bcstrah- 
liing mit UV-Licht ausgesetzt, wobei die Entfernung der Lichtqiiellc vom Bestrah- 
lungsobjckt etwa 20 cm betrug. Zum Vergleich wurden Losungen ohne Zusatz mit- 
bostrahlt, w^ahrend alle Kontrollproben vor Licht geschiitzt aufbewahrt wurden. 

Die intonsiv gclb gefiirbtcn Mcpacrinldsungen zeigten nach der Bcstrahlung zu- 
nilchst kcine Veranderung, hochstens die cystein- und ascorbinsiiurehaltigen, bei 
dcnen manchmal schon eine Farbvertief ung angedeutet war. Eine deutlich sichtbare 
Umfarbung der cystein- und ascorbinsaurchaltigcn, bestrahlten Proben von Gelb 
iiber Orange bis Braun trat erst ein, w^enn sie weiterhin dem Sonnenlicht exponiert wur- 
den. Nach drei bis vier Wochen hatten sie eine schwarzbraune Farbc angenommen. 
Bestrahlte, rcine Mcpacrinldsungen und solche mit Glukosezusatz blieben unvcn’indert 
g('lb. Die unbcstiahlten Kontrollproben mit Cystein und Ascorbinsaure anderten ihre 
Farbe wesentlich langsamer als die belichteten Ldsungen. Auch ging die Umfarbung 
soldier Mcpacrinldsungen mit Cystein- und Ascorbinsaurezusatz, wenn man sie nur 
bei Tageslicht stehenliess, nicht so schnell von statten, wie wenn vorher eine UV- 
Bestrahlung erfolgt war. 

Die Umwandlung des Mepacrins stcllt weder eine einfache Reduktion noch Oxy- 
dation dar, sondern es spielen sich dabei Oxydoreduktionsvorgange ab. in deren Ver- 
lauf mehrere Stoffe entstehen. Mit Hilfe von Papierchromatogrammen liessen sich 
die braun gcfiirbten Umwandlungsprodukte vomunveranderten, gelb fluoreszierenden 
Mepacrin und anderen Substanzen abtrennen, die eine griine oder blaue Fluoreszenz 
zeigten. 

• Herm Prof. Dr. Paul Weis, Greifswald, in Dankbarkeit und Verehrung zur Vollendung des 70. 
Licbensjahres gcwidmet. 

** lierrn Prof. Dr. Wirth und Herrn Stamer, Farbenfabrikcn liayer, danken wir fiir die Cbcr- 
lassung von Atebrin (== Mepacrin) und Resochin (= Chloroquin) und Herrn Prof. Dr. Nieschiilz, 
Promonta GmbH Hamburg, fiir das zur Verfiigung gestellte Phenothiazin und Pacatal. 
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Diese in den Modellversuchen beobachtete Kcaktionsfiihigkcit des Mepacrins stch ’ 
rnit seiner antiparasit&rcn Wirksamkeit bei Malaria, Kokzidiose und Wurmkrank- 
heiten gut in Einklang, weil dabci ebenfalls ein Eingriff in die Redoxvorgange des 
Parasitenzellstoffwechsels im Sinne einer Schadigung desselben vor sich geht. 

Das Malariaheilmittel Chloroquin verhielt sich in vitro ganz ahnlich wie Mepaorin. 
Die farblosen Chloroquinlosungen wurden auch braun gefilrbt, wenn sie in Gegenwart 
von Cystein oder AscorbinsSure UV-bestrahlt und danach noch liingere Zeit deni 
Sonnenlicht ausgesetzt wurden. Deutlich ausgepriigt war die Verfiirbung nacli 
AscorbinsSure-, etwas geringer nach Cystein- und noch wenigcr deutlich nach Glu- 
tathionzusatz. Abweichend vom Mepacrin farbte sich jedoch schon die Chloroquin- 
liisung ohne Zusatz bei Belichtung rbtlichbraun. Durch papierchromatographische 
Auftrennung des Gcmisches liessen sich mehrerc Bcstrahlungsprodukte erkenncn. 
Aus der Ahnlichkeit des Verhaltens von Mepacrin und (dilorocpiin lasst sich auf Ana- 
logien in der pharmakologischen Wirkung beider Substanzen schliessen. 

An der Schweinehaut konnten in kurzfristigen Bestrahlungsversuchen keine cin- 
wandfreien Braunfarbungen durch Mepacrin oder Chloroquin erzougt werden, weil 
offenbar der Zeitfaktor dafiir ausschhiggebend ist. Bei Menschen, d(;rcn Haut im 
Verlauf einer Malariakur durch Mepacrin zunachst gelb gefarbt war, sind dagegen 
schwarzbraune Verfarbungen d(T Haut an denjenigen Korpeqiartien beobachtid 
worden, die langere Zeit intensiver Sonnenbestrahlung ausgesetzt worden waren^. 

Die in der Haut abgelagerten Malariamittel und ihre Umsetzungsprodukte gewah- 
ren hinreichenden Schulz vor Lichtschaden. Hierauf ist wohl vomehinlich ihre thera- 
peutische Anwendung bei Lupus erythematodcs begriindet. Daneben ware ausserdem 
an die Mbglichkeit dor Beeinflussung von gestorten Oxydoreduktionsprozessen in der 
erkrankten Haut zu denken. 

Ganz anders als Mepacrin und Chloroquin rcagierten bei lieslrahlung die in der 
Therapie viel benutzten Phenothiazine. DiealsAnthelminticum gebraiichliche (jnmd- 
substanz Phenothiazin war wegen ihrer schlechten Loslichkeit erst nach der Verar- 
beitung mit Acaciaguinmi zur Suspension fiir die ViTsuche geeignet. Bald nach Begin n 
der Bestrahlung mit UV-Licht trat ebenso wie nach langerem Einfluss des sicht- 
baren Lichtes in der Suspension des Phenothiazins ohne sonstigen Zusatz .sowie in der 
glukosehaltigcn eine Rosa- bis Rotfarbung infolge Photooxydation ein, die mit zu- 
nehmendem Sauregrad infolge bessercr Loslichkeit des Phenothiazins immer deut- 
licher wurde. Zusiitze von Cystein oder Ascorbinsaure bewirkten hierbei das Gegenteil, 
indeni keine Oxydation des Phenothiazins durch Licht stattfand, sodass solche Sus- 
pensionen wie die vor Licht geschiitzten Proben farblos blieben. Als geiilrbte Oxy- 
dationspradukte des Phenothiazins sind Phenothiazon und 'Fliionol zu nennen, deren 
Entstehung durch das starkc Reduktionsvermogen der korpereigenen Substanzen 
Cystein und Ascorbinsaure verhindert werden kann. 

Lbsungen des Phenothiazinderivates Pacatal wurden bei Lichteinwirkung ebenfalls 
rot gefarbt, aber nicht bei Gegenwart von Ascorbinsaure oder Cystein. 

Der Ausfall der Reagenzglasversuche lasst im Hinblick auf im Organismus rnfig- 
liche Vorgange die Annahme zu, dass die reduzierenden Substanzen der Haut im 
allgemcinen in der Lage sind, eine Photooxydation der Phenothiazine zu unter- 
drucken. Nur in Ausnahmefallen, etwa bei Anreicherung der Phenothiazine im Kor- 
per oder vielleicht bei Erloschen der Schutzfunktibii des Hautsulfhydrils infolge pa- 
thologischer Veranderungen wird man mit der Maglichkeit der Entstehung von Oxy- 
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lationsprodukten aus Phenothiazinen in der Haut rechnen mussen. Diesc wiirden 
,lann als oigentliche Ursaclic fiir Hauterkrankungen, die auf Photosensibilisierung 
!(der Photoallergie zuriickzufiihren sind, in Betracht kommen. 

Die Ergebnissc unserer Untersuchungcn an drei Arzncimitteln spiegcln die ver- 
-.cliicdcnen Mdglichkciten der Umwandlnng von Medikamenten durch Strahlenein- 
•.virkung wider. Indem sic einerseits znm pharmakologischen Wirkungsmechanismus 
diescr Stoffe, andererseits zu den durch ihrc toxisohen Nebenwirkungen verursachten 
Krankheitserscheinungen in Beziehung gebracht warden, bildcn sic zugleich einen 
Hoitrag zur Phannakodynamik des Lichtes. 

InsiUut fiir Pharnuikologie mid Pharnmzic dor 
I ' eierinar-medizinischen FakuUdt, 

fl iimholdt-C nivcrsitiii, Berlin mul G. Urban 

NordmarkAVerke, I’ctersen, Holstein (Deutschland) VV. A. Behrendt 

^ P. Wels, yJaimyn-SchmiedebeFgs Arch, cxptl. Pathol, n. Pharmakol., iSS (1938) 265. 

- G. Urban, Naunvn-Schmiedebeygs Arch, evptl. Pathol, u. Pharmahol., 199 (1942) 345; 202 (1943) 
337; 218 (1953) 86. 

■* Prof. Katsch, Groifswald, I’nvcroffciitlichtc mundlichc' Mitl'.iliiTif'; G. Urban, Eigenc kli- 
iiLsche Hoohaclituiig. 


Vergleich der Histaminbildung in Histidinidsungen durch Rontgen- 

strahlen und uJtraviolettes Licht 


Histidinlosungi'ii, wclchc mil ultraviolettcm (UV)-Licht. mil Kalhodenstrahlen oder 
mil Riintgenstrahlen bestralilt warden, s«!nkcn den Blutdruck der narkotisierten 
Katze und erregen den isolierten Meerseliweincheiulann wie Uistamin* ® (Abb. i.). 
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Die durch das nichtionisierende UV-Licht gebildete histaminartig wirkende Su:.. 
stanz konnte schon vor liingerer Zeit durch die Elementaranalyse"*, kurzlich aut;: 
durch die PapicrclektrophoreseS, als Histamin identifiziert wcrden. Man durfte dos 
halb annehmcn, dass dcr durch die ionisierenden Strahlen gebildete Wirkstoff eben 
falls mit Histamin identisch ist; bcv'or aber auch in diescm Falle Histamin nicht m'it 
chemischen Methodcn nachgewieson worden ist, kann seine Bildung in Histidinlo- 
sungen durch ionisierendc Strahlen nicht als sicher golten. Ein solcher chemisclier 
Histaminnachvveis erscheint besonders deshalb erforderlich, weil sich die Wirkungs- 
mechanismen des nichtionisierenden UV-Lichts und der ionisierenden Strahlen in 
wassrigen Losungen orheblich vonoinander unterschoidcn. 

Deshalb versuchte ich, in rontgenbestrahlten Histidinlosungen Histamin mit 
chemischen Methoden luichzuweisen. Zu diescm Zweek bestrahlte ich i',’o-ige wiissrigo, 
neutral rcagierende Histidinlosungen in luftdicht verschlossenen Glasschalchen mit 
hohen Rdntgendosen (Rdhrenstromstarke 20 mA ; Rohronspannung 160 kV ; Bestrah- 
lungsdauer 20 Std. Die mit einer lonisationskammer ermittelte Strahlendosis betnig 
an der Oberflache der Losungen etwa i.ioo r/min, die eingestrahlte Gf'samtdosis sornit 
etwa 1,300 kr). Dcr am pharmakologischen 'IVstobjckt bestimmte llistamingehak 
dicser Losungen war so gering, dass ich auch mit d('r sehr empfindlichen papier- 
chromatograpbischen Metbode erst dann \ erwertbaro Ergebnisse crbielt, als ich den 
in den rfintgenbcstrablten Histidinlosungen entlialti'iion Wirkstoff stark anrcicbcrte. 


Histomin 


Histidin 


— r— Start 

1 3 

Abb. 2. Nachweis von Histamin in rcintgcnbostrahltcn Histidinldsungvn. i, histaminartig 
wirkende Substanz aus Kocsslcr-Hankn-Extraktcn; 2, lltstidin und Histamin zum Vergleich. 
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Diese Anrcicherung erfolgte durch ein v'on Koesslcr und Hanke® angegcbenes Ver- 
fahrcn fiir die Abtrennung von Histamin aus Histidinlosungen. Ich gcwann damit aus 
grdsseren Ldsungsmengen sobr geringe Mengen cines histaminartig wirkenden Ex- 
traktes, dcr sich papicrcliromatographiseh als cine Mischung von Histidin und Hista- 
min erw'ies (Abb. 2). 

Kurzlich liatte ich gefundcn, dass die Histaminwirkung der rontgenbestrahlten 
Histidinlosungen grdssenordnungsmassig verstilrkt werden kann, wenn die Bestrah- 
lung bei (jcgenwart von Cystein erfolgt’. Aus solehen stark wirksamen Ldsungcn 
konnte ich durch das Koessler-Haiikc-Verfahren nach Abdainpfcn des l^sungs- 
inittcls vine grossere Mongo des histaminartig wirkenden Stoffes als trockenen Rtick- 
stand gewinnen ; seine chemische Analyse konnte deshalb nun auch mit Methoden 
vorgonomnien werden, die griissere Substanzmengen erfordem als die Hapierchro- 
matographie. Dabei zeigte sich, dass die Salze, welche sieh aus den l^isungen dieses 
'rrockenriickstandes durch Zusatz von Pikrinsaure oder (ioldchlorid ausfiillen liessen, 
die gleicbe. ITltrarotabsorption zeigten wie reines llistaminpikrat und reines Histamin- 
chloraurat (Abb. 3 und 4). Die Itlementaranalyse des aus dem Trockenruckstand 



Abl). 3. ritrar<»tsp(*ktrc*n. Obt'u: 1 listaininpikral; rntcn: Piknit cUt liistaminarti#i( wirkrnclrn 
Substaiiz aus rbiiigt’nbcsLrahlteii Histidinlbsungrn ('rn)cki‘nrucksland aus Kot'NskT-llankt*- 

Jixtniktfii). 


Wellenidnge ( 



Abb. 4. IJItrarotspektrcii. Oben: Histamincbloraurat : l-nten: Chloraurat dor histaminartig 
wirkoiidon SuUstanz aus rontgenbostrahlten Histidinlosungen (Trockenruckstand aus Koesslor- 

Hanke-Extrakten). 
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hergestelltcn Golclsalzes crgab eine vblligc Obereinstimmung mit rcinem Histamin- 
chloraurat : 



C 

H 

\yf 

ci~ 

Gefundon fur das Chloraurat aus doni 
Trockenriickstand von Kocsslor-Hanko- 
Extrakten 

7-4o‘!o 

»-3-4‘’o 


35(x)% 

Bcrcchnet fiir Histaminchloraurat 

7-59^', 


5-3 ' "0 

35-«7";. 


Diese Wrsuchsergobnisse zcigen, class in HisticlinUisungcn clurch die ionisierciiulen 
Rontgenstrahlen der glciche VVirkstoff gebildi*t wircl wie (lurch das nichtionisiincnde 
lIV-Licht. namlicli Histamin. 

Die Tatsache, class durch boidc Strahlenartcn das glciche Koaktinnsprodukt gc'bildct 
wird, besagt aber naturlich nicht, class auch clcr Mc'chanismus der Slrahlcnwirkung 
und der dainit in Zusammenhang stehende chcmisclu' Kcaktionsmcchanismus in 
beiden Fallen glcicli ist. Was den Meehan ismns der Strahlonwirkung betrifft, so muss 
man bci der UV- und Kcintgenbostrahlung wiissriger Lbsungen sowohl mil direktcai 
als auch mit indirckteii Strahlenwirkungon rcchnen. Ks ergibt sich deshalb dit; I'rago, 
in wclchem Masse diese beichm Wirkungsmechanismc'ii an der strahlc'ucliemischen 
Histaminbildnng beteiligt sind. 

Zunilchst zur direkton Strahh'iiwirkung. Flir die Rlintgenstralilen liegen hier bereils 
die Befunde von Rajewski und Dose" vor. Diese Autoren haben nachgewiesen, class 
clurch Rbntgcnhestrahlung von trockenem, kristallisiertem Hislidin, also bei Ein- 
haltung von Versuchsbedingungen, untc'r denen inclirekte Strahleinvirkung('n ansge- 
schlosscm werden kbnnen, Histamin gcbildcd wird. Ich konnle cliescm Befimd bestiiti- 
gen und nun c'in glekhartiges Ergebhis auch bc'i der Anwciudung voa U V-Licht c'rhal- 
ten. Histidin, welches als Trockemsubstanz mit dem ungefilterten Licht (“iner Hg- 



1 2 3 ■ 

Abb. 5- In Substanz bestrahites Histidin cirregt don Mcorschwcinchondarm wii; Histamin. 
Histidinbaso, 4 h liV-l)ostralilt odiT 20 h rdntgonbostrahlt. Horstellung 1 %-iger Jjosiingtm aus dor 
bcstrablten Substanz. r : 0.05 /ig Histamin, 2: 0.1 ml r.osung von H V'-bcstralilti m Histidin, 
3: 1.0 ml Losung von rontgonbostrahltom Histidin. 

Dampfquarzlampe bestrahlt worden war, wirkte nach scin(!r Auflbsung in Wassc'r am 
isolierten Meerschweinchenclarm in gleichcr Weise histaminartig wie Lbsungen, 
welche aus rbntgenbe.strahltcm Histidin hcrgeslellt worden waren (Abb. 5). Der 
aus diesen Lbsungen durch das Kocssler-Kanke-Verfahren isoliertc Wirkstoff liess 
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sich papierchromatographisch als Histamin identifizieren (Abb. 6). Diese Versuche 
/.eigen, dass durch die direkten Wirkuiigen des UV-Licbtes und der Rontgenstrahlen 
.lus Histidin Histamin gebildet vverden kaiin. Man muss daraus scliliesscn, dass aucli 
in Histidinlosungen eine direkte Histaminbildung grundsatzlicli moglich ist. 

Jotzt zu den indirekten Strahlenwirkungen. Sie sind nach den heutc vorherrschen- 
den Auffassiingen u.a. daran zu erkennen, dass der Strahleneffckt in wiissrigcn Losiin- 
gen durch Sauerstoff und eine Keilie weiterer Stofh* beeinllusst wird. Ich prlifte 
deshalb, wie sich die straJilencheniische Histaminbildung in Saiierstoffatmosphare 
und bei Gc*gen\vart von Cystein verhalt. Es zeigte sich ein doutlicher Einfluss beider 
Agentien auf die Strahlenwirkung (Abb. 7 und S). An der Histaminbildung durch 
nV-Licht und durch Rontgenstrahlen in Histidinlosungen sind also indirekte Strah- 
lenwirkungen beteiligt. 


Histamin 


Histidin 


1 2 3 


— Start 
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Abb. 6. Histaminbildiinf; durcli Bustrahhing von Histidin in Substfin/. I listidiiibasc*. IJV: 
4 li. Kb: 20 h. K<)vsslcr-Hankr (KH)-Exlrakti*, luTgostfllt aus 1 ";,-igi‘n I.bsuiigL‘n der bcstrahlton 
Substanz. 1 : Histidin. l'V-bi*slrahlt. KH-lixtrakt aus 25 ml Histidin Ibsimg 2: Jlistidiii, rontgcn- 
bostrablt. KH-Kxlrakt aus 100 ml Histidinibsung 3: Histidin, unl)»*slrahlt. KH-Kxtrakt aus 100 
ml Histidinibsung t Hi.stamin, zuin WrghMfli. .j : 10 //g Histidin f loytig Hislumin, zuni 

\’rrgli*ich. 


Aus den dargclegten Versuchsergebnissen geht cine bemerkenswerte i'bereinstim 
mung in der Wirkimg des UV-Lichtes und der Rcintgenstrahlen insofern hervor, als 
sie zeigen, dass .sowohl durch die direkten als auch (lurch die indirekten Wirkungen 
beider Strahleharten aus Histidin Histamin gebildet werden kann. Man wird in 
wiissrigen Histidinlosungen aber auch Unterschiede zwi.schen IJV- und Rdntgen- 
wirkungen erwarten niiissen, wenn man bcriicksichtigt, dass das UV-Licht voti dem 
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Histidin spezifisch, die Rontgenstrahlen dagegen unspezifisch absorbiert werden. 
Dieser Unterschied in dcr Strahlenabsorption hat namlich zur Folge, dass das Ver- 
haltnis von direkten iiild indirekten Strahlcnwirkungen zueinander bci UV- und 
Rontgenbcstralilung sehr verschieden sein muss. Es ist anzunehmcn, dass direkte 
Strahlenwirkungcn bei der photochemischen Histaminbildung eine grosse Rollu 
spielen, bei der radiationschcmischcn Histaminbildung dagegen kaum ins Gewicht 
fallen. In dcm letzteren Falle kann die Histaminbildung praktisch nur durch indirekte 


Histamin 



Abb. 7. Kiiifluss dos SaiuTstoffs aiif die Histaminbildung diircli UV-FJcht uftd Uontgenslrahlon. 
J %-igo HistidinlosungcMi. IJV: 30 min, I<6: 20 h. 


Hlstomin 



Histamin Histamin 



Abb. 8. Einflu.ss dcs Cystcins auf die Histaniin- 
bildung durch IJV'^-Licht und Rontgenstrahlen. 
1 %-ige Histidinlosungen. U V : 30 min ; K6 : 2oh ; 
K: Kontrolle; Cy: Cystein 3* 10 mol. 


Abb. Q. Wasserstoffsuperoxyd verstarkt die 
llistaniiiibildung durch IJV-Licht. i %-ige 
llistidinldsfingen; IJV: 30 min; u: unbestrahlt; 
b: bestrahlt; K: Kontrolle: 11202: Wasserstoff- 
superoxyd 6 • io~2 mol. 



HISTAMINBILDUNG IN HISTIDINLSSUNGEN 


599 


Strahlenwirkungen zustande kommen. In diesem Zusammenhang rniichte ich auf die 
grossen llnterschiedc zwischen der VVirkung des UV-Lichtes und der Rcintgenstrahlen 
in den bereits dargeli;gten Vorsudicn aufmerksam machen, in denen ich den Einfltiss 
des Sauerstoffs und des Cysteins auf die Histaminbildung priifte. Der Sauerstoff wirkte 
bei der UV-Bestrahlung vdllig andcrs als boi der Rdntgenbestrahlung. Die liistamin- 
bildung duroh UV-Liciit wurde dnrch Sauerstoff verstarkt, die Histaminbildung 
(lurch Rontgenstrahlen dagcgcn abgeschwacht (vgl. Abb. 7). Das Cystein wirkte 
bei der UV- und bei der Rdntgenbestrahlung zwar grundsatzlich gleich, indem cs 
sowohl die Histaminbildung (lurch UV-Licht als auch die Histaminbildung durch 
Kfintgenstrahlcn verstarkte. Der (irad dieser V'erstarkungswirkung war bei beiden 
Strahlenarten jedoch .sehr venscliieden : dii* UV-Wirkung wurde durch Cystein nur 
wenig verstarkt, die Rdntgenwirkung dagegen auf fast das dreissigfachc erhoht (vgl. 
Abb. 8). 

Ks liegt naturlioh nahe, sieh auch fiber die bei der strahlenchemischen Histamin- 
bildiing stattfindenden chcinischen Ke;iktionen gewis.se Vorstellungen zu machen. 
Bei der direkten Strablenwirkung liegen die Verhiiltnisse in.sofeni einfach, weil sic 
als eine unmittcdbare Decarboxylierung des Histidins verstanden wcrden kann. 
Verwickelter sind die Verhiiltnisse bei der indirekten Histaminbildung. Hier kommen 
\ erinutliehcsehr vc'rsehiedene UeaktionsmeelianisnK'n in Frage. Finer dieser Mecha- 
nismcn ist offenbar oxydativt^r Natiir. Soweit ich sche, sind OH-Radikale (Libci 
massgobend bi‘teilip[t. I)i('S geht daraiis hervor, class OH-Radikali^, welchc durch die 
photocheinische Zersetzung von H2O2 erzeuf^t werden, cbenfalls cine starke Histamin- 
bildiing bewirken (Abb. ()). - Dios Vcrsuchscugebnis kann oincrsc'its die Histamin- 
bildung in rontgcmbestrahlten Histidinlc)sungen erklaren, denn dabei wcrdon ja durch 
W'assorspaltung OH-Radikale gcbildot; os kann andorerseits viclleicht aber auch die 
Verstarkungswii kung des Sauorstoffs auf die Histaminbildung durch IJV-Licht 
N'orstandlich inaclum (N^gl. Abb. 7). Bekanntlich wire! ja (lurch UV-Bestrahlung H2O2 
nicht nur gospalton und somit zerstort, sondern bei (logenwart von Sauerstoff in 
was.srigen L()sungen auch non gebildot. Das phot(x:honiisch neugebildete H2O2 muss 
aber dor Spaltung durch das UV-Licht (dH*nso iinterlicgeii wi(' das in den zulotzt dar- 
gelegten Vensuchen vor der UV-Bestrahlung zu d(Mi Histidinlosungen hinzugesetzte 
H2O2. Bolglich rniissen in den UV-bestrahlten Ldsungen boi Sauerstoffgegenwart 
auch OH-Radikale entstehon; sic kunnton fur den Verstarkungsoffekt des Sauorstoffs 
auf die photocheinische Histaminbildung ursiichlich verantwortlich sein. Wenn man 
die in der Litoratur formulierten Reaktionsmechanismen fiir die Einwirkung von 
OH-Radikalen auf organische Vorbindungem beriicksichtigt** dann halte ich es 
fiir mciglich, die Histaminbildung durch OH-Radikale formolma.ssig in der nach- 
stcdiend bcschriebenen Wei.se darzustellen. 
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Ein zwciter Mechanismus der indirokten Histaminbildung, dcr boi Cregenwart von 
Cystein ziir Auswirkung kommt, bcinhaltct nebon oxydieiendcn aucli reduzicreIld^^ 
Reaktionon, wie aus dor versttirkenden Wirkung dos Cysteins hervorgobt. Fur die 
Erklaning diescr Cystoinwirkung in UV-bostraldten Histidinliisungon babe icb 
kiirzlicb folgondcn Reaktionsmocbanismus vorgosoblagen'-: 
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Wabrscbeinlicb liisst or sicb aiiob auf die Cvsteinwirkung in rontgonbc'stralilton 
I listidinldsungen anwendc'n . 

Die bier nur kurz erwabnton Vorstellungcn iibor don ohemisolu-n Roaktionsnieoba- 
nisinus boi dor strablonobemiscbon Histaminbildung in ITislidinlosungon bodurfen 
nocb einer Stiitzung durob weitere Vorsuobo und miissc-n \ iolloiobt auob in cU-r oim‘n 
oder anderen Weiso norb abgeiindert wordt'ii. loh boffo, class gorado die vorgloicbondc’ 
Anvvondung dos IJV-Liobtc's und dor Rontgcmstrablon es ornKigliobt, die OruncK or- 
giingo bei dor strablenrbcmisobon Histaminbildung bossor konnon zu Jonion. 
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Photochemische Veranderungen in w&ssrigen Losungen von Histidin 

AusKeheiul von (ion grundlegcnflen Arbt'iten \'on lillinger* unci Holtz^ haben wir die 
Veranderungen in wiissrigon Losungen \on Histidin liei UV-Bestrahlung wt'itcr 
untersucht. 

V'ersurhsanordnung: /-Histidinmonohydrochlorid wurdo in 5%-igc'r wiissriger 
L(")sung mit dom tTOsaintsiKjktruin einc's Quarz yucoksilber-Hochdnickbrenncrs dcs 
\'ltB Horlinc'r (jlulilampenwork vom Typ S 250 unter X'erwondung eincs 2 cm starken 
Wasserfilters in einer Quarzkiivette bestrahlt. Die Sehichtdieke betrug 0.5 cm, der 
Hreunerabstand 20 cm. Der Brenner wurde mit (ileiehspannung betrieben, die Inten- 
sitiit lag im Mittel bei 3.27 • lo’ org-cm - • .sec Die Losungen wurden wahrend der 
Bestrahlung standig entwech-r mit Sauersloff oder mit Stickstoff durchstnimt. Das 
Bestralilungsprodukt wurde mittels Hochspammngspapierelektroi)hores<! (I’yridin - 
lissigsaure-I’uffer; pn 4.0) und Bapierciiromatograpliie (l,dsungsmittel: lert. 
Bntanol -Ameisc'nsaure Wa.sser im V'erhiiltnis («)5 • to • 2«J5 und IMienol— \Vas.ser im 
Verhaltni %775 : 225 - i')„ konz. NH3) anfgearl)eitet. Ls wurden nur ninliydrin|)osi- 

ti\'e Verbindungen nachgewiescm , so class wir iibc'r das mdgliche ,‘\uftreten anclerer 
SubstanzcMi (wie z.B. von Imidazolacetaldeliyd^) di«* dieso Reaktion niclit gebeii, 
ki'ine Au.ssage maclK'ii kbnnc'u. 

\'erand(Tungen in Oi-durchstrdintvn Disungen: W'ie wir schon friilicr mitgeteilt 
haben, ist nach einer Bestrahlungszeit von 4 bis () Stunden otwa i/iooo der einge- 
setzten Histidinmenge zu Histamin (lekarbo.wliert-*. Bc'i weiterer Bestrahlung stcigt 
der llistamingt halt in der bestrahltc'u l-cisung zwar weiter an, os wird aber die Zu- 
nahme an Histamin je Zeiteinheit kleiner. Ks stn'bt also mit anderen VVorten der 
Histamingehalt in der bestrahlten Ldsung einetn Siittigungswert zu. Hieraus war zu 
schliessc'u, dass aueh das entslandene Histamin weiter veriindert wird. Bci UV- 
Bestrahhing von Histamindihydrochlorid in wiissriger Liisuug erhielten wir entsprc- 
cliend eiiie Substanz, cli(‘ als /LAlanin identifiziert wurde. Die gleiche \ erbindung ist 
auch in Lb.sungen \'on bestrahltem Histidin nachziu.eisen. Wiilirend Histamin also 
primiir, wenn aueh sicher iiber eine Reihc von Zwisc:lu'nstufen^ aus Hi.sticlin entstcdit, 
stcllt das / 1 -Alanin in bestrahltcT Histidinlosung wahrseheinlich oiu Folgeprodukt 
dk'ser j)rimaren Reaktion dar. Wosentlich fruhc*r als Histamin tritt aber eine andere 
ninhydrinpositivc; Vcrbindung auf, die wir als Asparaginsiiure bestimmfiii konnten. 
Diese Substanz wurde von Elpiner® auch nach der Einwirkung von Ultraschall auf 
Histidinlosung erhalten. Sic; muss wic; das / 1 -Alanin diirch o-vydative Aufspaltiing des 
Imidazolringes entstanden .sc'in. Eine solehe Ringsprengung ist fiir Kathodenstrahlen 
b('wic;sc;n Worden^. Wir fanden nach eint-r BestraJilungszeit xon 60 Stunden {58.6 • 10“ 
erg • cm -’) 158 /2g Asparaginsiiure/ml bestrahlter Histidinlosung. Die gebildcte Ami- 
nosauro strebt ahnlich wie Histamin einem Sattigungswert zu.Um die Erage zu kliircn, 
in welcher Weise Asparaginsaure neben d«*m bekannten Abbau zu Acetaldcdiyd weiter 
veriindert wire!, wurde die Reinsub.stanz in was.srig('r Ldsung be.strahlt. Dabei wurde 
‘die um ein C-Atom iirmere Vcrbindung, und zwar das \-Alanin, das demnach durch 
Dekarboxylierung der / 1 -standigen Karbo.vylgnippc entstanden sein muss, nur in 
Spuren (;rhalten. Wir haben aber in Losungen von bestrahltem Histidin eine unver- 
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lialtnismassig starkere Bildung von a-Alanin und auch von Glycin beobachtet. Es 
licgt deshalb die Annahine nahc, dass diese Aminosauren direkt .'lus dora Histidin- 
molekiil durch Absprengnng der Seitenkette, bzw. eines Teiles der Seitenkette ent- 
stehen. Die entsprechendcn Amine, das Athyl- bzw. Mcthj'lamin, deren Bildung 
Pfordte* bei UV-Bestrahlung der Aminosauren sichern konnte, fandon wir mit unserer 
Methodik bisher nur nach Rontgenbestrahlung. In ausserst geringcr Menge entsteht 
neben Asparaginsaure das nadist hohere Homologe, die Glutaminsaure, die ja cin 
bekanntes Zwischenprodixkt boim Abbau des Histidins in vivo ist. Audi bier muss cine 
Ringsprengung angenommen werden. Es ergibt sidr demnadi fur die in O2 gesattigter 
wassriger Histidinlbsung bei UV-Bestrahlung primar bzw. sekundar ent.stehenden 
ninhydrinpositivon Verbindungen das folgendo Schema: 
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Abb. I. 


Wird die gleiche Probe in Na-gesattigter I^sung bestrahlt, sokommt.es nur nach 
.sehr langcn Bestrahlungszeiten zu einer gcringen Bildung von Asparaginsiure. Ebenso 
ist die Histaminbildung sehr viel geringer. In gleicher Wei.se entsteht ^-Alanin in 
Na-gesattigter Histamink).sung nur in sehr gcringem Ausmass. Dagegen wird die 
Bildung von Alanin und Glycin nach unseren Untcrsuchungen nicht erkennbar 
beeinflusst. 

Neben dieser Bildung ninhydrinpositiver Verbindungen kommt es bei UV-Bestrah- 
lung sowohl von Histidin- als auch von Histaminlosung, wic auch von anderen Auto- 
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ren bcschriebcn. zu eincr gclben bis gclbbraunen Verfarbung, die wir durch laufende 
Messungen der Extinktion am Pulfrich-Photometer in Abhangigkeit von der einge- 
strahltcn Energie bestimint haben. Die V'crlniltnisse fiir bestrahlte Histidinldsung 
.sind in der Abb. 2 dargestellt. Es ist zu ersehen, dass die Geschwindigkeit der I"arb- 
stoffbildung bei der N2-gesattigten Ldsung stiindig ansteigt. Vielleicht kann man 



Abb PiirbstoffbikluiiK lu'i V.-Hrstrahhmt; von wilssrigor Histicliiilosung. 


liierans sell Hessen, dass erst eiru‘ andere Reaktion ablaukm muss, die dann das Ent- 
stehen des Farbstoffes iTmciglicht. Die Oo-dnrdistnii.ite L()sung zeigt anfangs ein 
ahnliches Verhalten, nach liingerer Bestrahlung wild jedoch die (ieschwindigkeit 
geringer, und die Farbstofn:)ildung stn^bt einem Silttigungswert zu. Bei der in O2- 
Atmosphiire bestrahlten Ldsung kommt es ansclieinend im weiteren Verlauf der 
Bestrahlung wieder zu einem Abbau des Farbstoffes irn Sinnc einer Ausbleichung. Der 
Farbstoff ist nicht einheitlicli. Es lassen sich elektrophoretisch zwei Banden, die im 
elektrischen Feld zur Kathode wandern, unterscheiden. Das Verhalten der Extinktion 
bestrahltcr wassriger Ldsungen von Histamin entspricht prinzipiell dem in der Abb. 2 
dargestellten Verlauf. Elektrophoretisch las.sen sich hier drei vcrschiedene Fraktionen 
feststellen. Nach langerer Bestrahlung kommt es zur Bildung eines feindispersen, 
schwarzen Niederschlages, der sich in Alkali lost. 

Es ist uns bisher leider nicht mdglich c'ine Aussage fiber die chemischc Natur der 
Farbstoffe bzw. des Niederschlages zu macheii. 

Institut fiir Strahlenforschung, ti- Peennigsdorf 

HumholUt-Universitdt, Berlin ( Dctiischlund) H. Schreiber 
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Changes produced by ultraviolet light in DNA 

Hollacnder, (jreenstdn, and jonrett*; found in 1041 tliat tlic viscosity of dilute solu- 
tions of DNA was decreased by UV irradiation'. This change could be the. result of 
either main chain scission or of increased coiling of the DNA molecule and can be 
distingui.shed only by making other measurements in addition to \ i.si o.a’tj'. It is also 
possible for UV' irradiation to crosslink DNA mok'cules in the solid .stale', as reporti-d 
by Shugar and Barano\v.ska“ and by Setlow and Doyle". It is interesting to note' that 
both dentblc chain scission anel cro.s.slinking are obse'i ved \vh<'n DNA is irraeliate'el witli 
and y-rays in fibre form 

Wo have irradiate’d dilute sedutions of DNA {0.01-0.02",,) in 0.2 . 1 / sexlium c.hlorieh' 
plus 0.015 sodium citrate with either of twe) le)w pressure 44-W me're'iiry re'semance' 
lamps, the first in a vycejr envelope anel the see'euid in a epiartx e'livelope. fhe' light 
inten.sity was 2 • 10 " Nhj'/cm"/sec or lO" ergs/sec of 2$4 mfi. 'riie; DNA sample' tiseel 
was essentially jmjtein free and pre'part'd from salmon sperm by tlw Ka\'-Simmons- 
Dounce technie]uc. This sample had the following e haracteristie’s: 

Molecular weiRlit 9.6 • lo** [ 1 • lO® (by li«lit scattciiiig) 

R.-nlius of gyration — '840 A h 200 

Soelinieutatifm constant — ■ 10 'i® 

Intrinsic viscosity ---■ no _h 5 cll/g 

As first .shown by Doty'*, DNA in dilute: .v dution has the prof)erties of a stiffeate'ei ran- 
dom coil, and re'lationships bt:tween the 'i/iscosily, molt*cular we'ight, and radius of 
gyration of the macrotnedecule have bt'en found which intact DNA from many 
source's obey. Our sample obeyeel the set of reiationships: 

Mis — 1.14 /fj* where Ifi is melius of gyratl.'in in AngstreJms. 

f?j] -= 1.26 • lo-s ffj® wlierc [i/l is intrinsic. visoe)sity in ell/g 

During irradiation either nitrogen or oxygen was bubbled through the l.)NA sohition 
after which the light scattering measurements anel viscosity measuremertts in acouette' 
viscometer w'ere performed. 

In the alxsence of oxygen the first effect of 254-m^ light is to lower the viscosity 
with no change in the molecular weight but with a change in the radius of gyration. 
We call this effect “coiling”. The initial effect of UV light of the doses we mml u.sc 
to observe a change is visualized to be one of breaking of H bonds. Tliis causes a 
disorganization of the secondary structure of DNA and leads to increased coiling. 
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Another mcasiirr of this is the change of hyperchromic effect due to UV irradiation. 
If one heats DNA at 95 ' for to min in saline citrate solution, the absorbance increases 
by about 15^0 due to the thermal disruption of the double helical coil configuration. 
In IJV-treated DNA, the r(‘lativ(‘ increase in absorption is found to decrease with 
incri^asing UV dose, lhat is, UV has diminished the heal effec t. The destruction of a 
few pyrimidine bases is not sufficient to account for the changes in radius of gyration 
and hyperchromic effect obser\'ed. 

If oxygen is present with 254-m/i irradiation the' molecular weight as well as the 
radius of gyration fall with dose, fhe viscosity falls at a faster rate than without 
ox\ g('n present. The rate of coiling is also iiuTeased, and the coiling is accompanied by 
main chain scission, which wi^ shall » all “chopping”. 

losing the quartz lamp, under nitrogen we observe immediate double chain scission 
as well as coiling. Correlating the viscosity, mohrular wi'ight, and radius of gyration, 
we find that the expression for a stiff random coil is not obiwed. However, when 
owgt'fi is introduced, at early stages of irradiation th(Mhop])ing reaction predominates, 
and these relatonships are obeyed. 

Since the number of breaks is greatly enhanced by owgc^i with iinfiltered light, i.c, 
an oxygen effect, W(‘ investigatcul the role of sexeral prot(‘ctive agents in the DNA 
solution diiring UV' irradiation. Substances such as io~^ M glucosi*, lO"*' M glu- 
tathione, and 10 * M dimethyl aniline did protect against tlu* oxyg(‘n effect by re- 
diu'ing tlu' numbt*r of breaks per molecuk*. As Dr. (iray pointc'd out**, the biological 
oxygen r(S|)onse of UV is nc‘gati\'e whil(‘ the ('luaiiical response is ])ositiv(‘. It may be 
that cell constituents act as protective agents which prote('t against tin* o.xygen effect. 

W hen DNA is treated with propylene oxide or other monofnnctional alkylating 
agents, tlu! principle effect ol)S(;rv(*d is one of coiling of the DNA by a mechanism not 
yet understood. \Vh(*n DNA is treated with OH radicals from H-jOj, the principle 
effect ])roduc(*d is chopping. 

'rhe effect of UV radiation of relatively high do.ses on DNA thu.s can be: 

(/) to break h\drogcm bounds and rendt^r the chain more flexible (referred to as 
(oilinf'). 

(2) to break tlu' doul)U! chain and reduce molecular wtnght in proportion with vis- 
cosity (reftared to as chopping). 

(j) to form an in.soluble g(d (referred to as crosslinking). 

1 would like to expn^ss my thanks to the National Res(‘arch ('ouiK'il, Division of 
Biology and Agriculture, for a travtd grant to attend this Congre.ss. 

Department of Chemistry, H. Mokoson 
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‘ A. IFotx.aendkr, J. P. Grkknsteix .\nd W. V. Jenrktjk, 7. Nail. Camer Jnst., 2 (1941) 22. 

2 I). Shugar AND J. liARANow’SKA, Nature, 165 (fc/jo) 33. 

R. Srtlow and JI. Doylk, Biochini. Biofhys. Acta, 15 (i 9 . 54 ) ^^ 7 *' R. vSiiTr.ow, Biochim. 
Biophys. Acta, 39 (1960) 180. 

^ P. Alkxandkr, J.T. Lett, H. Moroson and K. A. Stacey, Suppl. to Intern. J. Radiation Biol., 
(i960). 

s P. Doty, /. Cellular Comp. Physiol., 49 (Siippl. 1) (1957) 27. 

* L. H. Gray, tliis Congress. 



6o6 


Photochemistry of 4-aminopyrimidines 

The following is a brief sumniary of current attempts to elucidate the nature of the 
photoproducts of 5-substituted cytosine nucleotides in irradiated nucleic acids, 
partly through comparative studies on other more readily available 4-aminopyrimi- 
dines. 

Of a variety of 4-aminopyrimidines. cytosine and its Ni-substituted derivatives, 
particularly nucleosides and nucleotides, are somewhat unusual in their behaviour in 
aqueous media under the influence of ultraviolet irradiation (2537 A) in that a water 
molecule is taken up at the 5,6 double bond with resultant formation of 5-hydro-b- 
hydroxy derivatives. These photoproducts are relatively unstable^ and spontaneously 
revert to the parent compound in the dark by elimination of the water molecule^ 
The quantum yields for a number of these derivatives at various pn values have been 
reported^. More precise measurements taking into account the rates of the reverse 
reactions have now shown that for a given derivative the lower the cpiantum yield, 
the less stable the photoproduct, i,e. the more rapid is the rate* of the reverse reaction. 
During irradiation an equilibrium state is established between the forward and n^vcTse 
reactions and this is gradually shifted as a result of formation of secondary photo- 
products via side reactions, h'or cytosine, (d)p(' and (d)pCp, the rates of the reverse 
reactions are so high that it is difficult to observe them. The proposal of VVang'^ that 
irradiation of the foregoing com])Ounds is due to “phototautomerization" is erroneous, 
due to his overlooking the fact that [a) some dihydropyiimidines, viz. those of cyto- 
sine, may exhibit selective absorption^ to the red of 2300 A; (h) in T-methylcytosim* 
and cytosine nucleosides the number i nitrogen is substituted by a methyl group or 
a sugar. 

For the other 4-aminopyrimidines hitherto examined the photochemical reaction is 
a different one, involving a rearrangtunent of the pjrimidiTKi rings and usually most 
readily detected by the appearance of a new absorption band in the ultraviolet to the 
red of that exhibited by the parent substance. In an aiihydrous medium (ethanol) a 
similar reaction is exhibited bj' cytosine and i-mc'thylcytosine. but not by cytosine 
nucleosides and nucleotides. As can be seen from the accompanying Table, this type of 
reaction is exhibited by some derivatives only in an aqueous medium and by others 
only in an anhydrous medium. There is some evidence that the solvent itself does not 
participate in this reaction : 2,6-dimethyl-4-amino pyrimidine undergoes the same 

reaction in water, ethanol or hexane. The photoproduct of 5-mcthylcytosine in alco- 
hol, upon transfer to aqueous medium, is spontaneously transformed to the photo- 
product formed by irradiation in aqueous medium. In aqueous medipm at pH 9, 
cytosine also exhibits this type of reaction in contrast to its behaviour at neutral pn; 
it is consequently of interest that this is the optimum pH for the photochemical trans- 
formation of 5-methylcytosine and 5-hydroxymethylcytosine. 

Finally it should be noted that nucleotides of 5-substituted cytosines not only 
differ in behaviour from the corresponding bases but, in place of photochemical 
addition of water to the 5,6 double bond, also undergo some type of rearrangement 
without pyrimidine ring rupture®, or opening of the pyrimidine ring. 
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It is clear that spectral techniques alone arc inadequate for elucidating the nature 
of these photoproducts which are of so much importance in the interpretation of 
photobiologicaleffects 7 ’®,themoresoin that the photochemical reaction for 2-methoxy- 
cytosine is partially reversible, while for the pyrimidine component of vitamin Bi it is 
completely reversible ph3\sico-chemically and biologically. 

A new tj^^pe of irradiation source has therefore been developed to prepare suffi- 
ciently large quantities of photoprodiicts for chemical and physico-chemical analysi*s. 
The best results to date have been with 2,6-dimethyl-4-aminopyrimidine; in 0.02 M 
phosphate buffer at pH 8-g the photoproduct of this compound crystallized spon- 
taneousK\ Its m.p. is 201-202^' as compared to rSo-iSr'" for the parent substance and 
its chemical composition is identical. Ih^ating of this photoproduct in wfitcT results in 
its transformation to a water-soluble substance with a m.]>. of 134-135^ and a cluan- 
ical composition suggesting deamination; however titrimtitric, but not spectral, 
procedures show that some type of amino group is still prestMit. Although kinetic data 
for some compounds suggest dimerization, attempts to estimate the molecular weights 
of these two products hy a variety of methods have* thus far been unsuccesful because* 
of association with the solvents us(*d. The infra-red spectra of both compounds exhibit 
a narrow, very intense characteristic band at 2200 cm f which can only be due to tlu* 
following : 

+ — + .. + 

R---N C or R- N — N ~ N or its equivalent K - •- N - N 


The above is onlj’ a ver\' ski*tchy outline of the data accumulated on the photo- 
chemistrj^ of 4-aminopyrinudines, which we believt* will lead to the elucidation of the 
photochemical reaction mechanisms of 5-substituted <\vtosiu(‘ deri\'atives in nucleic 
acids, a problem of considerable significance in tlu* photochemistry and genetics of the 
T-ev’en bacteriophages*’*”. The findings should also be of someinten\sl to thesvnthetic 
organic chemist. 
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Photochemistry of pyrimidine residues in oligonucleotides and 
in single- and double-stranded polynucleotides 

Till' development during the j)ast few years of clieinical and enzymatic techniques 
for the synthesis of homo- and hetero-polymers of nucleotides has made available 
model single- and twin-stranded polynueli^otides of various chain lengths, base com- 
position and base sequences. Such modtds would be expect(?d to prove extremely 
useful for analyses of the photochemical behaviour of various constituents in nucleic 
acid chains, and initial studies have amply confirmed this assumption Some simpli- 
fication is also introduced by tlu^ fact that the* radiation resistance of the purine 
residues in polymers is so much greatiT than that of pyrimidines unsubstituted in 
the 5-position that spectral modifications resulting from irradiation are due almost 
exj'lusively to the latter. 

'fhe dominant Reaction in irradiated poly-U and poly-C is the uptakci of a water 
molecule at tlu! 5,6 double bond of the uracil and cytosiiu^ rings with resultant for- 
mation of 5-hydro-()-h\'drox\' derivativi‘s. 'lhesc‘ an‘ capable of reverting, in the dark, 
to the pani*if! \.''oni pound, usually by heating. In addition to this reaction, thert^ is 
another which involves interaction Indwt'en adjaumt pairs of pyrimidine bases and 
which is irreversible by heating, riu* net result is that thiumal Reactivation (TK) for 
lH)ly-U varies from t 5 o\^^ for a dimicleotidi‘ to ^ 5 % for highly polynujrized chains; 
for poly-C it is from riie irreversible R'aclion could conceivably be due in 

part to the formation of 5-hydroxy-()-h\’dio photoproducts, which would not be 
(‘xpecled to (*xhibit heat reversibility-*^^; but this has been (excluded by acid hydrol- 
ysis of irradiated poly-U and demonstration of the absence of such photoproducts. 
Th(‘ second, irreversible, reaction is exhibit'd also by thymine residues in poly-f with 
a (piantum yield for some of the residiu's considtTably in exetjss of that for Tp and 
again suggestive of formjition of cross-links between adjai cut Risidues-. 

No oxygen effi‘ct, such as has betm observed for urai'il, (»rotic acid and thy mine-', 
was found for poly-T or any of tlu' other oligonucleotides investigatc'd. 

In dinucleotides wh<‘re a uracil or cytosine residiu* is flanked by a puriiu^ ring (c.g. 
AplJp, ApCp, (ipUp), the former undergoes exclusively hydration at the 5,0 double 
bond and subsequent reversibility is from ()o-ioo%. In trinucleotides containing two 
purine residues and one uracil, the I K for the latter is somewhat reduced, for Rea- 
sons as yet unclear. 

The accompanying Table I pri^sents the ejuantum yields, 0 , in moles/einstein ; the 
1st order rate constants, A, for the reversi- reaction at neutral pn; the activation 
(merg\', i: , lor the reverse reaction ; and the maximum % 1 R for uracil and cjTosine 
residues in vaiious oligo- and polynucleotides. 

In single-stranded chains, particularlv small oligonucleotides, spectral methods 
may be readily used, for following the reaction ^ by assuming, to a first approximation, 
that hyperchromicity decrease's linc'arly witli the course of the reaction, hor twin- 
stranded chains this is no longer possible. For e.xamplc?, in the complex poly-A -poly-U 
the decrease in absorption duo to photolysis of the uracil residues is almost completely 
masked by the resultant decrease in interchain hyperchromicity’; photoWsed poly-U 
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no longer forms a twin-stranded complex with poIy-A. This difficulty has been over- 
come by treatment of the irradiated complex with ribonuclease, which hydrolyzes 
the poly-U chain and dissociates the double-stranded structure. It will be seen from 
Table I that 0 for uracil residues in the double-stranded complex is less than 25% 
of tliat in poly-U alone; but the percentage reversibility is much higher initially. 

For poly-I-poly-(' it is possible to follow the course of the photochemical reaction 
by direct spectral methods, taking advantage of the fact that the hypcrchromicity 
of the complex is zero at 2700 A, while poly-I alone is only slightly affected at this 
wavelength as a result of irradiation. The irradiated complex also exhibits the charac- 
teristic increase in absorption at 2400 A due to formation of 5-liydro-6-hydroxy- 
cytosine derivatives-**® The quantum yield is practically the same as for cytosine 
in poly-C; while the degree of reversibility, as (\stimated spectrally, is greater than 
7 ^ /o- 

The foregoing results, particularly those obtained with the twin-stranded cluiins, 
reinforc<! previous evidence'*® that the reversible photolysis of pyrimidine residues 
in natural nucleic acids is a reasonable expt*rimental model for biological photo- 
reactivation and thermal reactivation. 

The data in Table I also suggest some interesting conclusions with regard to energy 
transfer in polynucleotide chains, which has been assumed by some observers to play 
an important jiilc in biological inactivation. For example, in a single-stranded chain 
such as pol\ -C‘, the %TR is high, indicating that jihotoproducts are almost exclusively 
5-hydro-6-hydroxy derivatives. Poly-C is known to possess secondary structure; 
despite this the ciuantum yii'ld for Cp nvsidues in poly-C is independent of chain 
length and is also considerably lower than for free Cp®. It therefore follows that the 
photochemical reaction of indi\'idual Cp n^sidues is unaffected by energy transfer 
along the chain, if such a transhn* (wists. Since the quantum yiidd for Cp in poly-I - 
poly-(' is identical with that for poly-(\ it liki‘wise follows that energy transfer between 
chains, if it exists, also does not induce any photochemical reaction. A comparison 
of the quantum yields for uracil residues in pol\ -U and poly-A- poly-U leads to the 
same com lusion. A similar situation pre\ ails for such vii nucleotides as ApUp, ApCp, 
GpCp, the (luantum yields for the pyrimidine residues in cjII instances being less than 
that for the free residues, notwithstanding that in a model dinucleotide such as DPN 
it has been shown that energy transfer actually does occur with fairly high efficiency 
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ZurWirkungdes UV-Lichtesauf die Proteinstruktur 

Bekanntlich unterschcidet man in dtT Protcinchemie zwisohen primarer, sekiindarcr 
und tertiarer Proteinstruktur. Durch die Sequenz der Aminosauren in cincr Peptid- 
kette wird die primare Stniktur bcstimmt. Das Ausma.ss, in dem sidi die Peptidketten 
nach Pauling zu einer .x-Holix aufwinden, charakterisiert die sekundiire Struktur. 
Die raumliche Orientierung dicser x Helix und auch dor nicht gewendelten Peptid- 
ketten eincs Protoinmolckiils nennt man des«en tertiiire Struktur. 

Die wichtigste Bindungsart der primaren Struktur ist die meist selir feste ko\'alente 
C — C- Oder C — N-Bindung (58.6 bzw. 48.6 kcal/Mol). l)ie.\-Helix wird vor allem durch 
die recht labilen Protonenbriickenbindungen (5.0 keal/Mol) zusammengehaltcn, 
wiihrend am Aufbau der tertiaren Struktur ausscr den erwalinten Protonenbindungen 
auch elektrostatische und van dor Waals’sche Bindungskraftc, sowie in manchen 
Fallen auch kovalentc S — S-Briicken (63.8 kcal/Mol) betoiligt sind. 

Wird durch irgendeinen Prozess eine der erw'ahnten Strukturen veran<iert, so ist 
das untersuchte Protein nicht mehr nativ: es ist denaturiort, auch wenn os selbst in 
wesentlichen biologischcn Eigenschafton noch mit dem Ausgangsprotoin identisch 
erscheint. 

Bei unst'ren Versuchen vorwondeten wir als Bostrahlungscjnolle oinen Hg-Nioder- 
druckbrenner (Hanau); Wcllcnlflnge 254 m^ (297 mju. 0.8%: 302 m^t* 0.3';,',; 313 m/n 
3.0%): Quantenintensitilt in 4 cm Abstand: 0.4 ^wMol/cm^ 'min. Das UV-Licht der 
Wcllonliinge 254 m^M ist mit einer Enorgio von mehr als no kcal/Mol Quanten ben'its 
so energicreich, dass nach Absorption eines Quants jodo der erwalinten Bindungon 
gesprengt werden kann. Dariiberhiruius werden besonders die aromatischen Systeine 
des Tyrosins, Phenylalanins und Tryptophans zu sehr roaktionsfaliigen Zustiinden 
angeregt, welche bevorzugt mit dem Sauerstoffmolekiil zu peroxydartig gebauton 



Abb. I. Absorptionsspektren des Tyrosins: K " Konlrolle; mittlere Kurve: 0.1% Tyrosin in 
xV/15 Phosphatpuffer pH y.J, bestrahlt mit z.i Mol Quanten/Mol , A = 254 m/i, oljcre Kurve — 
o. I Tyrosin in A715 I’hosphat puffer bestrahlt mit 3 Mr Kbntgenstrahlen. laiftgesllttigte l.0sun- 

gen. (Vergk-ich auch l,it.'). 
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Zwischenprodukten reagiercn. Diesi‘ Intcrmediareproduktc sind nicht zuletzt auch 
photochemiscli sehr labil und zerfallen meist unter Losung der O — 0 -Bindung. 
Durch ihren Zerfall wird einc Folgo sehr komplizicrter Rcaktionen eingeleitet, deren 
Ictzto Stufe sehr oft ein Oxydationsprodukt des primar angeregten Aromaten ist. 

Im Kalle des Tyrosins und Ph(*nylalanins kommt es zunachst zur Einfuhning iicuer 
()H-Crruppen in den Benzolring. Dies fiihrt besonders beim Tyrosin zu einer gleich- 
inii-ssigcn Erhdhung der Kxtinktionskon.stanten im Wcllenbereich zwischen 220 und 
310 m/f (Abb. i). Im Falle des Phenylalanins scheint jedoch die o.xydative Aufspaltung 
dcs aromatisohen Ringes von Anfang an zu dominicren (keine Ausbildung eines 
Absorplionsmaximuras bei 275 m/i). VVeitere Oxydationsprozesse fiilireti jedoch 
schliesslich auch beim Tyrosin zur Aufsprengung des Ringes und zur Bildung von 
zum Peil ungesiittigti'ii Ketosauren od«“r zur Ihldung von Melanin-Pigmcnten 
(yVbb. 2). 
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Abl>. 2. Schrma zum pliotochcinischfn Abbaii ik'S Phenylalanins und 'fryptophans bei Hfstraliluiig 
in o.i‘\,iger. luftgesiittigter r.dsiing (A'/i5 Phosphat])uffer pii 7.2). (Siehe auch Lit.-.) 


Wesriitlicli i'c‘aktionsf,lliigor ist dor angorcgte Indolring. Wie soIkui der VcTgloich 
des UV-Ab.sorptionssp(‘ktrums zvvischon der Kontrollo und dcm mit 2.2 K/Mol 



Abb. 3. UV-Absorptionsspcktren des Tryptophans: K Kontrolle; UV --- 0.1% Tryptophan in 
Ar/j5 PlM).sphatpiiffer pH 7.2 hestrahlt init 2.2 Mol Quantcn/Mol, A = 254 mfi\ RS — o.t % 
Tryptophan hestrahlt mit 3 Mr Rdntgenstrahlon . (Siehe auch Lit.L) 
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Abb. 4. Schema zum ])hot()chemisolum Abbaii (l(*s tryptophans b(‘i li(*strahlunR in o. 1 
liiftgesattigtcr Losung (.V/is l’hosphalpufl(‘r pii 7.2). 



Abb. 5. Zum photochemischen Glcichgcwicht bei Hcstrahlung von (ystein {Cy SH) und Cystin 
(Cy-S)2. Abszisse: Absorbierte Mole Quanten/Mol Substanz (A -- 254 m/i); Ordinate: 

(logarithmischer Massstab). Im Text diskutierte Kiirven : - -o ■ o — . 
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Quanteii ocler etvva 2 Mr bcstrahlten Tryptophan zcigt, verschvvindet der ais chromo- 
pliore Gruppe wirkcnd(i Pyrrol- Ring (Abb. 3). Die Oxydationsprozesse greifen 
besonders am Kohlenstoff-2 ein (Abb. 4). Unter den Abbauprodukten findet man das 
bckanntc Kynurcnin, sowie aiich Anthranilsaure iind Alanin. Parallel zu dicsen 
Prozossen kommt os zii einer Einfiihrung von OH-(iriippc'n in den Benzolring des 
Tryi)to])hans. Tkstrahlt man fn^ies 'iYyptophan oder befindot sich diese Aniinosaiire 
an C-terminaler Stelle in i‘iner Peptidkette. so wird leie.hl CO2 abgespalten. So kdnnen 
bei ghdclizeitiger Oxydation d('s Benzolringes die pliarmakologiscli stark wirksamen 
OxjYryptamine, \vi(? z.R. das 5-()xytrvplamin entstehen. 

Audi die Veranderung der sdiwefelluiltigiai Aminosaureii liiingt stark vom Sauer- 
stoffgebalt des Mediums ab. Bei Bi'strahlung Sll-haltiger Verbindungeii iiberwiegt 
natiirlidi im allgemi*inen die pliotokatalysierte Oxydation ziir S -S-Bindung. Aber 
audi die lJmki‘hrung dies('s Prozesses ist mdglicli-*, nainentli(di wenn die Oa-I^artial- 
drucke klein oder die S S-Bindung cnnes lYoteins stdir gespannt ist. In Abb. 5 
werden einige Ergebnisse iiber die Revinsibilitiit des pliotoelu niisehen (ileichge- 
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wichts zwischen Cystein und Cystin graphiscli dargestellt. Weitere Reaktionswegc 
fur die Photochemie der S-haltigcn Aminosauren Cystein, Cystin und Methionin zeigen 
die n^chsten Abbildungen: (Abb. 6-8). Bemerkenswert ist die Entschwefclung zur 
Desthioverbindung: so entsteht Alanin aus Cystein oder ^\-Aminosaurc aus Metliio- 
nin ; die Substitution der SH-Gruppe durch die OH Gruppe fiibrt zum Serin. 
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Alle photochomischen Prozesse, welche di Amintxicyl-Reste der primaren Struktur 
einfacherer Proteine betreffen, kdnnen grunilsatzlicli mit ahnlidien Quantenaus- 
bauten an den freien Aminosauren selbst oder an dcren niederen Peptiden gofundon 
werden. Wir haben diese Aussage besonders grundlich bei dcr pholochemischen 
Untersuchung dcs Insulins und des L}7sozyms pfiifen kdnnen. (Allcs Praparate von 
hdchster Reinhcit). Besonders die UV-Absorpfionsspektren der tyrosinhaltigcn 
Proteine erfahren bei 235 rn// und 275 m// jcdoch oinc .starkerc Extinktionserhdhung 
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als Aminosauregemische gleicher Zusammensctzung, wenn man sie unter gleicheh 
Bedingimgcn bestrahlt'*. Bei Beteiligung dcr Peptidbindung an den photochemischen 
Prozessen beobachtet man cine interossante Reaktionsfolge, welche schliesslich zur 
Aufspaltung der Peptidbindung fiihrt. Die wesentlichsten Schritte dicser Keaktion 
sind in Abb. 9 dargestcUt. 

Unscre Aussagen iiber die i>hotochemischc Veriinderung der sckiindiiren Struktur 
lassen sich wes<nitlicli weniger leicht jjriizisieren. Da Harnstoff in vielen Fallen auch 
bier einer Koagulation entgegen wirkt, darf man jcdoch v’crmuten, da.s.s das Vcrhalton 
der Protonenbindnngen auch bei <ler ])hotocliemisch ausgeloston Eiweisskoagula- 
tion von entseheidender Bedemtung ist. 

Bczuglich der Veriinderung der tertiaren Struktur erwiilmte ich bereits die teilweise 
reversible Ldsung von S— -S-Bindungen und die Schliessung neuer S — S-Bindungen. 
Auf (irund der fundamentalen Arbeiten des Kopenhagener Biochemikers K. Linder- 
strom-Lang® diirfen wir weiler schliessen, dass cine Veranderung der tertiaren 
Struktur cine.s Proteins mit grosser Wahrscheinliehkeit zu einer Veranderung der 
I)is.soziationskonstanten seiner jKdaren Gruppen fiihrt. Kiirzlieh fanden wir nun 
Z.B., dass reinste Laetatdehydrogcnjisi* (LDH) nns Schweinoherzen (kristallisici t 
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.\l»b. 10. rhoU>cht'inisclio lSiUliinf> oiniT mnwn l.act!itcl<'li\ .ln)g«!nasi- ( 1 J)H) {lurch Ue.strahlung 
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roo Mol Quanti-n/Mol. Quantcnaiisl ^'ulctp — 1 ■ 10-2. 


naeli Straub®) bei Bestrahlung in Lbsung mit der Quantenausbeute von 9- 0.5 • 10 2 

fast quantitativ in cine bei pH 8.<) im elektrischen Feld langsamer wandernde 
LDH umgewandelt wild. Dieses mme Enzym hat noeh etw'a 50% dcr Aktivitat des 
urspriinglichen Enzyms (Abb. 10); jedocli ist das 20°C-pH-Optimum von pH 8.1 
nach pH 7 verschoben. Unsere bi.sherigcn Ergi'bnisse sprcchen dafiir, dass fiir die 
Veranderung der elektrochcmischen Eigensehaften dieses neuen Proteins nicht eine 
photochemische Veranderung dcr ’ rimartn, sondern iler sekundaren und tertiaren 
Struktur verantwortlich ist. 
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Ober den photosensibilisierten Abbau von Makromolekiilen 

1954 berichtc'tc F. Alt'xandor’ iiber don photodynamisclicn Abbau von Makromolo- 
kiilen nach Sonsibilisierung dutch Farbstoffe und cancerogono Kohicnwasserstoffe. 
Danach wird in wassrigon Ldsungen dor photodvniamischo hlffokt durcli HOa-Radi- 
kale vonirsaoht, die dutch Roaktion des gclostcn Sauorstoffs niit dom aktiviorton 
Sonsibilisator gebildet werden. Als Makromolokiil wurdo unter andorom die Foly- 
methacrylsaure vonvondet. 

Von Interesse schicn uns, ob auch in nichtwiissrigon Ldsungssystonuai Makro- 
molekiile dutch don cancorogonon Kohlonwassorstoff 3,4-Ren/pyron boi UV-Rin- 
wirkung abgobaut wordon konnen. Fiir dieso Untorsuchungon wurdon Polyinothac- 
rylester sowio die Ldsungsmittol Benzol, Cldoroforni und Dioxan vorwondol. In 
dicson Losungsmittoln wird das Polymer dutch UV-Strahlung unterhalb 2<)5 tn^ sohr 
rasch abgobaut. Dutch Strahlung iin langcrwclligon lIV-Gobiet dagegon nut langsam-. 

Die Konzentration dos Polymers botrug in alUai L()sungsmittoln 0.4 g/ 1 , die B(*nz- 
pyren-Konzcaitration in Benzol und Dioxan je 20 mg, -I und in Qhloroform 40 mg/ 1 . 
Bestrahlt wurde mit oinem Quarzquecksilber-Hochdruckbnamor vom 'I'yp PRIv 2 
(S450) dos VEB Berliner GliilUampenwerk boi Zimin(*rtomporatur. Boi Verwondung 
vines VN'assorfilters von 20 mm Schichtdicko in (*inor Kiivette, die boidorsoits mit jo 
2 mm dickon \VG 5 - Filtorglasern dor Firma Schott, .jena, abgodeckt war, botrug 
in (unom Abstand von g cm die Strahlungsintensitiit 2.35 • ro-'* erg/cm- sec. Dio 
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Abb. T. Der Vcrlauf dcr Kxtinktion und spez. Viskositat in Abliangigkeit von dcr Bestrahlungs- 

zeit nach IJV-Einwirkung auf Polymcthacryi<istcr-Benz}>yren-T.osungcn in Dioxan. : 

Extinktion; • • •: spez. Viskositat; — A A- spez. Viskositat der Kontroll- 

Ibsung (Polymer in Dioxan ohne Benzpyren). 
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Filtergliiser absorbieren das UV^-Licht unterhalb 295 m/i. Die Bestrahlung der Ldsun- 
gcn erfolgte in einer Qiiarzkiivette von to mm Schichtdicke, die geeignet war, die 
Ldsungon vor der Bestrahlung niit O2 bzw. Na zii durchstrornen. Der Abbau der 
Makromolekiile vvurde viskosimetrisch bestimmt, wobei als Mass die spezifische 
Viskositat (//sp) Verwendung land. Die bei dor Bestrahlung der Losungen auftretenden 
(jolbfarbungcn konnten mit dem Pulfrich- Photometer unter Verwendung des Filters 
S 50 (wirksamer Filtersehwerpunkt bei 49() m//) gemessen werden (Bestimmung der 
Kxtinktion). Die zur Messung der Extinktionen viTwenileten Schichtdicken lagen, 
zwischen i und 5 cm. 

VcTwendet man als Ldsungsmittel Dioxan. so erhiilt man iiber mehrere Stunden 
Bestrahlungszeit einen Abbau des Polymers, auch ohne Zusatz eines Sensibilisators 
(s. Abb. i). kugt man der Ldsung 3,4-Benzpyren hinzu, so ist der Abbau vermindert. 
Diese Verminderung ist offonsiehtlieh auf die Filtervvirkung des Benzpyreiis zuriick- 
zufuhren. l^ei der Dioxanlosung liegt also kein Sensibilisieningseffekt vor. Wie weitcr 
aus Abb. i zii (Tsehen ist, tritt Ihm* Bestrahlung eine Verfarl)ungundzwareiiie(ielbfar- 
bung der Lcisung auf (gestrich(‘ll(‘ Kiirv(‘), die bei dcT Ldsung ohne Benzpyren nicht 
vorkommt. Die Verfarbung st(?igt zunarhst mit zunehmender Bt^strahlungszeit an, um 
nach Erreiehen ('ines Miiximums wieder abzunehmen. I)ii‘ Extinktion dieser (ielb- 
farbung ist st‘hr gering. Sie wurde mit St'hichtdick(*n von 5 cm bestimmt. Mit zu- 


0.6 

05 

^0.6 

5 

8 0.3 

U> 

N 02 

Qi 

S 

0.1 


•Ingtstrahlte Energit [trg-cni*] 

U1 2.82 4J3 5.84 Z05 6,46-10* 


• 

Lt'sungsmit^el: Ch lo reform 
Kontrolle ohne Benzpyren | 



_ \ ] 



Losung rn 

It Benzpyren 

" 






f 

i 

/ 

\ 





0.5 


0 .* B 


0.3 ^ 
■at 


0.2 m 


0 .) 


10 20 30 40 SO 60 

Bestrahlungszeit [Min] 


Abb. 2. Dor Vorlaiif von Kxtinktitni und sj)c;z. Viskositat in AbhanKigkoit von der Hostrahlungs- 

zoitnach UV-Einvvirkung anf Polymolliacrylosier-licnzpyron-Ldsungtm in Chloroform. : 

Kxtinktion; spvz. Viskositat; A A - A- spez. Viskositat der KontroU- 

Josiing (Polymer in Chloroform ohne Bcmzpynm). 


nehmender Extinktion der Ldsung verringert sich gleiclizcitig die charakteristischc 
Bcnzpyren-Fluorcszenz, die jedoch mit abnehmender Extinktion nicht wieder auftritt. 

Verwendet man als Ldsungsmittel (Chloroform (fiir diese Versuche wurde handels- 
iibliches Chloroform mit ca. J% Alkohol verwendet), so erhiilt man nach einer kurzen 
Induktionsperiode einen geringfugigen Abbau (s. Abb. 2). Auch hier tritt eine Gelb- 
fSrbung der Ldsung auf, die allcrdings gegenuber der Dioxanlosung schr stark ist. Die 
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Extinktion dieser Verfarbung wurde bei i cmSchichtdickegemessen. Der Extinktions- 
verlauf (gcstrichelte Kurve) entspricht dcr Fluoreszenzabnahme des Benzpyrens in 
Chloroform®. Bei mehrstiindiger Bcstrahlung tritt ein allmdhliches Ausbleichen des 
Farbstoffs auf. Vcrsuche, bei denen vor der Bcstrahlung der Saucrstoff durch Stick- 
stoffspiilung entfernt wurde, zeigen, dass der Abbau auch ohne Saucrstoff vor sich 
geht. Ebenso tritt einc Gdbfarbung auf, die jedoch vermindert ist. Zur Dcutung 
des Abbaus kdnnte man daran denken einen Chlorierungsmecliani.smus anzunehmen, 
ahnlich, wic er von vcrschiedenen Autoren^ bei dcr Photochloricrung des Poly- 
methacrylesters gefunden worden ist. Danach wird durch frcic Chlorradikale dem 
Polymer ein Wasserstoffatom entzogen, worauf durch Disproportionierung ein 
Hauptkcttenbruch eintritt. 


tingtatnhUt Entrgla [•rg-an*] 
a4 12.7 163 21 . 1 ' 10 ’* 
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Abb. 3. Dor Vorlauf von Kxtinktiiin und spoz Viskositiit in Abhangijjkoit von dor Fk'.strahlungs- 
zeit nach LiV-Einwirkung auf I’olymclhacrylcstcr Bonzi)yren-r.o.sungon in [tonzol iintor nc'iick- 
sichtigung dor Oa-Abhangigkfit. ' ; Extinktion (t)-!-Spannung untor Luftatmospharo); 

•- • - — •: spoz. Viskositiit (Oa-Spannung untor l .uftalniospluiro) ; O O O; spoz. 

Visk<jsitat (I.osung mit Dadurchstromt); A A A : sp<-z. Viskositiit (l.bsungOa-froi). 


Verwendet man als Lbsungsmittel Benzol, so tritt boi Anwesenheit von Benzpyren 
ebenfalls einc Gelbfiirbting auf, deren Rxtinktionsverlauf (gcstrichelte Kurve) quali- 
tativ dem Extinktionsverlauf bei der Dioxanlfisung cnts])richt (s. Abb. 3). Allcrdings 
ist bier die Farbung crheblich starker. Die lixtinktion wurde mit Schichtdicken von 
2 cm gemessen. Mit zunchmender Extinktion verringert sich glcic|izeitig auch hicr 
die charakteristische Benzpyren-Fluoreszenz®, die mit abnehmender Extinktion nicht 
wieder auftritt. Mit zunehmendcr Verfarbung der l^sung wird nach einer kurzen 
Anlaufperiode cine starke Abnahme der spezihschen Viskositat beobachtet. Die 
Abbaugeschwindigkeit wird erst geringer. rachdem die Extinktionswerte ihr Maxi- 
mum uberschritten haben. Entfernt man namlich vor der Bcstrahlung den Saucrstoff 
durch Spiilung mit Stickstoff, so findet ein geringfiigiger Abbau statt, dor jedoch 
noch kleiner ist als bei einer Kontrolldsung, die ohne Benzpyren bestrahlt worden ist 
(die Werte fiir die Kontrollosung ohne Benzpyren sind in Abb. 3 nicht eingetragen). 
In der Losung ohne O 2 tritt auch keine Gdbfarbung auf. 

Durchstrdmt man vor der Bestrahlung die benzolische Benzpyren-Losung bis zur 
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Siittigung mit O2, so wird die Abbaugeschwindigkeit gegeniiber den Versuchcn bei 
Luftatmosphare nicht erhoht, sondern im (iegenteil vermindert (s. O-i-Kurve in 
Abb. 3). Dcr Extinktionsverlaiif bei erlidhter O-i-Spannung entspricht (pialitativ dcm 
WTlaiif bei Luftatmosphare (in Abb. 3 nicht cMng(‘zeichnet). Aus diesem Versuch 
erkennen wir, dass dcr Saiierstoff auch cine inhibieiviuk* Wirkung auf den Abbau des 
Polymethacrylesters ausiibt und dass es ein Optinmm an geh^ster Oi-Menge geben 
muss, bei dem die Abbaugeschvvindigkeit am gnissten ist. 

Zur Dcutung der fiir die bi;nzolische L()sung mitgeteilten Ergebnisse miLss man be-^ 
m(U'ken, dass bei Bestrahlung des Polym(dhacrylest(*rs in lh;nzol ohne Zusatz von 
Benzpyren mit kurzwelligem UV-Licht unter anderem auch <Mn oxydativer Abbau 
stattfindet. Die hier beschriebenen Versuche lasscMi sich mdglichervveise durch den von 
Scluinberg'* sowu^ von Schenck^ formulic'rtcai Mechanismus der Saiierstoff iibertraguug 
d(‘uten, indem auch dieser Abbau durch oxydative Vorgange ausgeldst wird. Diese 
Verniutung wird bestarkt, da Untersuchungen von Schenrk^ gezfigt haben, dass das 
3,4-Benzpyren ein vorzi'iglicher Photo.scmsibilisator ist. Da von den dn*i untersuchten 
Losungsrnitteln eine Scnsibilisatorwirkimg unter Beteiligung des Sauerstoffs iiur 
b('iin B(mizo 1 vorliegt, kann man schliess(»n. dass chi Akzeptor fiir dm Sauerstoff nur 
in benzolischer iJisung vorliegt oder entsprechend der liingeren Aniaufzeit fiir den 
Abbau erst unter B('strahlung gebildet wird. Auf den letzten*!! Vorgang deutet auch 
dei"ZuSarnmcnhang zwischcn zunehmender Extinklion und al)nehniendcr .spezifisclier 
\'iskositat hin. Nach diesen Ergebnissen lasst sich alliTdings nicht ausschliessen, dass 
moglicherweise erst das unter B(\stralilung veninderte Benzpyrenmolekiil als SaiKT- 
stoffiibertniger dient. Weitt^n* Untersuchungen zu di(‘sen Vorgangen sollen durch 
gefiihrt werdeii. 

Lustiiui jiir Strahlcfijorscluin^^, 

Humboldt Vnivenitat, Berlin, und 
Heiliffenherg-InstUut , Biophyaikalischc Abtcilung, 

Hctli^eiihergl Baden ( Deutschland) 

1 r. .Vlkxander und M. Pvol. /. fiilcni. lUintohioi. .1 ws/crr/ti/H / 95./, ViTninan, 

WaKi’ningon, p. 33O. 

3 H. AIonk;. Problems aits Hiophysik and Styahlcnhiotog.r, llrl. 2. Hrrliii, igOo, p. 174. 

11 . Kriegei. i^ni) L. Hicrforth, X. Naturforsch., 12I) (1057) 41. 

\V. il xHN cxn F. CiRAFMOLLRR, Makromol. Chem., 21 (1950) i-*- 

G. S.MKTS UNI) J. Fol'rnau-x, M akromol . Chcot . , 24 (1937) 133. 

5 A. SciioNBiCRc;. Pydparaiive organische Photochemie, Springrr, IJcrlin, 195S. 

® G. O. SciiKNCK, S./.I 3 . Angew. Cfuon., O9 (1957) 579 - 
’ G. O. ScHENCK, Natarwissensrhaften, 43 (i 95 <)) 71. 


H. MciNu; 

H. Kkiegel 



AUTHOR INDEX 


Abbott, B. C ., i8<j 
Alkxandkr, 1 \, b04 
Alt, M. a., 415 
Allkn, M. B., 170 
Anderson, I. C., 477 
Arnon, D. 1 ., 27, 469 
Aschoff, J., 50 
Ashhel, T) , <>2 
Baudach, 11 ., 502 
Bf-hrendt. \V. a., 5()t 
Bkkkmfi?:r, 11 ., 534 
Bellin, J. S., 254 
Bertscii, \V. b \, 398 
Beyer, K. K., 482 
Btebl, H ., 2S3 
Bodf.n, B. I*., 180 
Borthwick, H. a., 394 
Brandt, A. B,, 15S, i()3 
BridciES, C. 1 ). B., 4 f4 
Briohentt, L., 549 

BRODTHA<iEN, H., 52 I 

Buchmliller, K., 495 
Budnitskaya, K . \’., 367 
BDcktir, II.. .|9i. 530 
Burckhardt, \V., 4S5 
Burstrom, 11.. 401 
Butenko, U.<j., 174 
Butler, W.L., 5O9 
Camougis, C'.-, 413 
Carlile, M. j., 5O6 
('arlson, j. G.. 251 
Castellani, a., 546, 557 
Chkssin, M., 282 
Chikvitz, K., 323 
C'hodat, F-. 384 
CllOUARD, I’., 402 
Christensen, B. C.hr., 3 
Christensen, K., 271 
Christianseln, j. V., 521 
('line, G. B., 308 
Cook, J. S., 453 
Curry, G. M., 127, 155 
Daniels Jr., F., 506 
Dartnall, H. j. A., 203 
De Bhery, G., 531 
DeLuca, A. M., 43O 
Derevjanko, V. G., 158 
Dl^RTBliR^, M., 564 
Derksen, W. B., 526, 529, 531 
Dose, K., 612 
Dubrov, A. P., 279 
Duysens, L. N . M., 135 
Ebbesen, 1 ., 102 
Eckart, W., 580 
Eckoldt, K., 487 
Ehret, C. F., 287 
Engel, F., 557 


Epstein, 11 . ' 1 '., 289 
Etzold, H., 365 
Evstigneev, \\ B., 559 
Fanki-li. O.. 448 
i^\RNER, n. S., 438 

F ASS ELL, (f. N., 47T 

Fellmax, j. 11 .. 532 
l^'l.SHER, E. K., 153 
Imshek, W. I 30S 

I^"leiMmin(;, K., 593 

Gaffron, II., 386 
CiAULDEN, M. IC.. 231 
(ilESK, .\. (*., 271. 273, 320 
Giroi^d, A., 3S4 
CiOLDlK. F H., 133 
(iOLDSMlTH, T. 11 ., 143 
Gordon, S. A., 441 
CiRAY, L. II., 237 
Grukn, 11 . F., 135 
Harermann, H. M., 37O, 38O 
Hafi, j. S., 43e> 

llALLDAL , 121 
Halle IT, I*. K., 4O3 
FIallund, ()., J 19 

llANAWALT, I*. 303 

Hankk. 330 
Hansen, K Ci., O3 
Harman, P. J., 43O 
Haupt, W'.. 3()3 
IIkndkk'ks, S. I>., 391 
nERK10'''T. R. M., 31 I 
Hollakndfr, .V., 3 
lloRwi iz, ('., -; 3 i 
Hovde, 43^> 

llt'I.ANTCKA, I** , 313 
ippi-'x, 11 , 3oi* 
j .CQJtES, M., 1<'J 

Ja< gi'iis. K., < 

Jaife. I-., 

JAGU. 231 

KaiviPa. R. >!., 189 
Kaplan, R. W.. 290 
Ki E,'si*;k, \ , 279 

Kjf.k. a. . 3^9 
Ki 1 1 ZKO ws Ki, A . , 293 
KlinghOlli-.r, \V., 261 : 
Knudsen, E. a., 485, 5ai 
Krasnov-skv, a. a., 361^ 
Kriegel. H., O18 
Kvorning, Sv. a., 217 
Kylin. a.. 359 
Lacroix, G., 460 

i^AMBERTS. H. B., 431 

Lander, M. R., 203 
Lan<;hof, 11 ., 428 
Latarjet. B., 233 
Latarjet, R., 259 



AUTHOR INDEX 


623 


I.EIIMANN, G.. 350 
I.ENOHLK, J.. I0() 

IJPPK, 

Lockhart, J. A., 

I.OKER. L., 2 i)i) 

Lotz. K. cl a., 417 
LorRTioux. A.. 40O 
I.ITIPPOLO, II. 1C., 157 
Lym\n. II., 2S0 
JyYTHtiOE, J. N., 3O0 
McC'iRKKvy, j. M., 520. 520 
McKinley, S., 3O5 
McL.xken, a. ]>., 573 
Madskn, a., 235. 5O7 
Ma(;ni:s, I. .\., 1.14 
M.xnly, 15 . M , 572 
Makccssen, I*. V.. 12. 217, 233 
Maksujcn, C. W., 22(» 

Martin. M., 4<)S 
M ATiiON, (’h., 3S1 , 381 

MiiLKr-.SK. L.. 460 
Mkijkr, (L, 3S7. 3.Sg 
Mkykr, j., 323 

Mi.YKR ZUM Ht’lSl HKNKKLDh, K. II.,5I5 

Milloit, j\.. i7<l 572 

MilnFc I. |.. 422 

MiLi^K. .M.. 4-2 

Mixtkr Jr.. G. . 531 

Mohr, I i., if 

Monahan, T. I., 520. 529, 531 
^loNu;, 11 , OiS 
M()Rin(.-('lai:ss(l\, L, 573 
.Moroson, II., O04 
Mckl, H.. 4L0 
.Mi’Ldkr, j. n . 333 
Ml NZ. I'. \V., 203 
Mcrctiio, j C\, 170 
A' \ KAYAMA, S. . 30 I 
\KLS0N, U. 2 (}(} 

Nicihporovk H, A. .\., 174 
Norman, .\., 54 1 
Ncnm:mai hkr. \i. 428 

Nvc.aaru, (L, 179 
< )LSON, R. A., 473 
OSTKR, (Ir., 254 
Pakcla. R., 313 
Patiiak, M. .a., 552 
Pauly. H., 539 
J*Fj:NNu;sn()RF, (1., (>oi 
I’lKTIK, L. II.. 170 
PiKKNNK, M. If.. 4 I I 
I^ITTMAN, 1 ) , 299 
POIIJAKALLIO, O., 357, 390 
PONSOLD, W., 554 
PrOPPK, a., 221 


Protasova, N. N., 174 
R.ajewsky, 15 ., 539, 612 
Rkheyrottk, i\., 259 
Robertson. I). S., 477 
Rollin, P., 408 
Romhach, j., 379 
Rosknkildk, P., 537 
Roj riKR, P. H.. 329, 331 
Ri’PKKr, (.^. S., 31 1 
Sandmkjkk, M.. 384 
Santamaria, L., 448 
Sc'HARKK, ()., 357 
ScilER. S., 583 
SciUFK, |. .\., 289 
Sl HRl-.lBKR, I 1 . . (»cn 
SciioLZK K., 03. 05 
Skiol, IC., 315 
Sjiklkova, O. P. . 114 
Siic(;ar, I)., 315, Ooi), itOi) 

SIKC.I L, (; , 433 
Sir(jnval, (‘ , 589 
SoKoi.ov, M. \ . . Ill 
Spiki ', J. I).. 171 
St KOI N. M., 381 , 384 
SZYBM-SKl, \V., 542 
Ta(;klva, S. V.. 158, 163, 279 
In AMS, j. (*., 76 

Thikoe, T., 1 1 1 
'lllIMANN, K. V., 119. 1-17 
'Prcelskn, 'I . A., 179 
I'l.LKRICIl, K , 515 
I'NOKKWOOl), ('. K., 353 

Pruan, (L, 5<)I 

Van okr Lri/r, L., 219 

Van dkk Vkkn, U., 387. 389 

Van Lki’n, j. P , 3 -f- 

Vkjlhy, K., iO(j, 479 

Vknin<; \, r. S., 42O 

\’ LA cn, (L, 197 

VlRc ;■ JJ. I., 15 

Von IU pslkl, U. C\, 243 

VoROHj ‘-VA, 1 . A., 172 

Voskresenskaya, N. P. . 149 

\V.\ LNKR, G., 221 

\Val< ZAK, W., 313 

Ward, K. j., 353 

Wassink, IC. 371 

Wa'ikkman, T. II ,214 

W i:rnsdorkih< , U . , 5 1 9 

WiKR/i novvsKi, K. L., OoO, (>09 

WiSKK.MANN, v\., 325 

Wolff, S.. 457 
WoLKKN, J. j., 181 
WuLF, K., 515 



SUBJFXT INDKX 


Action spectra, biological — , i ly 
Adenosine triphosphate (see also ATP). 27 
Alcoholdehydrogenase, protection of inactiva- 
tion, 549 

Algae, unicellular, action spectra of phototaxis, 
121 

Allagochr(»me. abs«)rpti(m spectrum. 577 
All turn cepa, photoreactivation, 279, 283 
Ambiphotoperiodism, Selm'ia verticillala Beau v. , 
3«i 

4-Aininopyrimidincs, photochemistry, bo() 
Anahaena cylindrica, action spectra for induc- 
tion of KPK signal in - , 171 
Animal photobiology, 41 1 

photoreceptors, 184 

Anthocyanin synthesis, lO 

Aquatic organisms, photoreceptors, i7<). 197 

photoreceptors, fine structure, 181 

Area intensity relations in human dark-adapted 
vision, 463 

Arthropod eyes, structure and function. ^28 
Arthropods, aquatic, polarized light orienta- 
tion, 214 

Ascorbic acid, stepwise photoxidation by man- 
ganese -flavin -catalase system, 58f) 
Astaxanthin, 183 

Athiorlwdaceac, photometabolism of* benzoic 
acid by 583 
ATP, light-induced, 29 
Avena. 25. 129, i3«. U*. >33. >55. J43 

, phototropism . dose-respons(! nilation- 

ships, 155 

Bacteria, radiation sensitivity and mechanism 
of enzym synthesis, 339 
Benzoic acid, photometabolism of - by Alhio- 
rhodaceae, 383 

Betula leave, absorption spectrum, 139 
Biological action spectra, 119 
clocks, 50 

damage by ionising radiation, 237 

— by photon radiation, 237 

responses of plant cells, range of light 

intensities, iS 
Biolumincscencc, 192 
Blepharisma undulans, 321 
Brain, electrical responses to photic stimula- 
tion, 436 
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^ ^ influence of the Alps, 7b 

’ , iTU'asurement, 63 
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Dithiolisophthalate (l*-tisul), percutaneous an- 
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Lactobacillus leichmannii, DNA content and 
LJV resistance. 580 
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